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Executive Summary

The 2011 Baseline study was conducted with several objectives in mind. The primary objective
is to provide a study of the characteristics of sifighaily homes recently completed in Rhode
Island and permitted undéhe 2009 International Energy Conservation Code (IECC) that did not
participate in the Rhode IslafResidential New ConstructidArogram RNC Program) that can

be used to update User Defined Reference Home (UDRH) assumptions used in calculating
Program avings. Secondary objectives are:

f Conducting a full HERS rating for each home using REM/Raseftware

1 Providing a comparison of 2011 baselstadyhomes to singléamily homes completed
through the 2011 Program

1 Using 2009 IECC compliance reports prodilityy REM/Rate to assess how the baseline
homes would likely perform under different performance based compliance paths

1 Assessing code compliance using the 2009 IECC checklist developed by Pacific
Northwest National Laboratory (PNNL)

Throughout this Execute Summary there are links to sections of the report that provide more
detail on the information being presented. Readers may place the cursor on the link and use
control/click to go directly to the section of the report that provides more detail.

Background

Audits of 40 homes were conducted frearly August through early November of 2011; HERS
(Home Energy Rating System) ratings were performed o#0dlbmes and HVAC performance
testingwas conductedat 16 homes. Manual J assessments were done fansgdected homes.

The REM/Rate software used for the HERS ratings provi2ig@d IECC code compliance
reports for multiple compliance paths for each hoie owners of audited homes were asked

to complete a short survey while their homes were being irespedhe survey addressed,
among other things, how the home was purchased, the importance of getting areéiceegy
home, who specified various home components,
efficiency of their home and its various cooments.

The sampling plamatched the percentage of-site inspections conducted in a county to the
percentage of state level permits issued in that county and targeted a mix of custom and spec
built homes.In order to reflect the mix of spec and custemglefamily homes in the 2011

Rhode Island Program, the data are weighted by 90% for spec and 10% for custonmBlodimes.
unweighted and weighted results are provided throughout this report, with the emphasis on
weighted results. See Sectio®2mpling Methodology

The remainder of this Executive Summary summarizes the UDRH inputs estiowatgirisons
with individual 2009 IECC prescriptive insulation requirements; potential compliance rates
under various comm@nce paths based on the compliance reports available from the REM/Rate
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software used to produce HERS ratiraggl the 2009 IECC checklist developed by PNiEhd

the results of the Manual J assessments and HVAC performance testing. Also addressed are the
conmparison of 2011 basak homes to 2011 Program honaesl the orsite survey completed by

the owners of inspected homes. These are very high level summaries that include links to the
report sections that provide more detailed information.

Preliminary UDRH Inputs

Table ES1 on the next page compares 2011 Baseline Study findings to selected current UDRH
inputs® The 2011 Baseline UDRH inputs are preliminary estimates based on study findings
weighted to reflect the mix of singfamily specandcustomhousing in the 2011 Program. See
Section 3Preliminary UDRH Inputdor detailed tables showing the data used to develop the
preliminary estimates of UDRH inputsThe Program Administratowill review these
preliminary UDRH estimates and develop a final set of UDRH inputs that incorporates
additional information based on experience administering the Program as well as information on
specific measures that were found in either none or very felaeaudited baseline homes. The
final UDRH inputs will be provided as an Addendum to this report.

As shown, the 2011 baseline preliminastimatedJDRH inputssuggest that the current UDRH
assumptionsinderestimate the efficiency of mastrrent buildhg practiceandequipment. Ina

few cases, study findings suggest current UDRH inputs may overestimate the efficiency of
current building practicesreliminary UDRH input estimates are higher energy efficiency than
current UDRH inputs for the followinguilding characteristics:

1 Flat and cathedral ceiling-\dalues

Foundation wall Rvalue

Duct Insulation Rvalues

Window U-value

Air infiltration ACH50

Natural gas and propane air and hydronic distribution heating system AFUE
Oil-fired hydronic distribution reting system AFUE

1 Cooling and water heating system efficiencies

= =4 =4 4 -4 -

Preliminary UDRH input estimatesre lower energy efficiency than current UDRH inputs for
the following characteristic

1 Wall U-value
9 Floor over unconditioned basemenwtlue

! Several UDRH inputs are-alues.U-valuesare the overall heat transfer coefficient for the entire wall, floor or
ceiling assembly, not just the insulation. The lower theallieis, the more energy efficient the assemblyadlues
calculated using REM/Rate software account ferRvalue of framing members, the\Rlue of other components
such as air barriers and drywall, thev®ue of the insulation, anthe quality of the insulation installation. If
insulation is compressed, or there are gaps, the energy efficiency of tblgsisdower and the Walueis higher.
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Table ES 1. Comparison of Current and Preliminary Estimated UDRH Inputs
2011

: Number of
Current Baseline Baseline
Building Characteristic UDRH Preliminary
Homes or
Inputs UDRH Input Svstems
Estimates y
Wall U-value| Uy,=0.065 Uy,=0.073 40 Homes
Wall Insulation R-value (Not a UDRH Inputy R20 R17.75 40 Homes
Flat CeilingJ-value| U,=0.058 U,=0.051 35 Homes
Flat Ceilingnsulation Rvalue (Not a UDRH Input) R31 R-34.6 35 Homes
Cathedral Ceiling Walue| U,=0.057 Us=0.044 19 Homes
Cathedral Ceilingnsulation Rvalue (Not a UDRH Input¥ R29.6 R32.8 19 Homes
Floorover Unconditioned Spacedalue| U,=0.04 Up=0.12 26 Homes
Floorover Unconditioned Spactsuation Rvalue
R-30 R17.6
(Not a UDRH Input 27 Homes
Foundation Wallinsulation Rvalue (conditioned basments) R=13 R-18.6 4 Homes
U=0.3% U=0.34 5 Homes Plus
Window U-valueand SHG( SHGC=035] SHGC=031 Secondgry
Information
Air Infiltration ACH® | 6.72 ACH50[ 5.96ACH50 38 Homes
Gag Fuel Fired Air DistributioHeating Syste_m: 89 2 AFUE 92.9 AFUE 26 Heating
(Furnaces and Hydrair) Systems
Gag Fuel Fired Hydronic Distributiorleating Sygtem: 81.7 AFUE 88.7 AFUE 10 Heating
(Hot Water Boilers) Systems
All Ga¢ fuel FiredHeatingSystemg  88.5 AFUE | 91.3 AFUE | S0 Heating
Systems
Oil Fuel Fired Air Distributiotleating System| 2 Heating
(Furnaces and HydFair) 83.9AFUE | 816 AFUE Systems
Oil Fuel Fired Hydronic DistributioHeating System: 4 Heating
(Hot Water Boilers) 84.4 AFUE 86.0 AFUE Systems
All Oil fuel Fired System| 84.3 AFUE | 84.9 AFuE | 8 Heating
Systems
" .
Gas*Domestic Stand Alone Storage Tank Watégater Energ) 058 EF 0.63EF 8 Water
Factor Heaters
. - - . 40 Cooling
Cooling EfficiencsEERSeasonal Engy Efficiency Ratio] 13.0 SEER| 13.1 SEER Systems
Duct LeakagéCFM?25/100 Sq. Ft 14 20 22 Homes
Duct Insulatiort Attic Supply Ducts R=7.46 R=.57 16 Homes
Duct Insulatiort All Ducts in Unconditioned Spag R=.68 R=6.62 24 Homes

*Gas includesoth natural gas and propane equipment.

**Rows highlighted in gray for wall, ceiling and floor insulation are not UDRH inputee UDRH inputs are the
U-values The Rvalues are the insulation levels auditors observed when inspecting homes and are gogsented
information only for readers not that familiar withualues.
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Comparison to Individual 2009 IECC Prescriptive Insulation
Requirements

There are three types of 2009 IECC requirements: mandatory, prescriptive and performance.
Examples of mandatory reqaments are air and duct sealing and equipment sizing. Prescriptive
compliance path requirements address insulation, fenestration and lighting. Performance
compliance path requirements are based on a
such as RENRate. The purpose of this study is not to assess code compliance for each inspected
home, nor is it to evaluate code enforcement. Details on the compliance path utilized by each of
the audited homes would be necessary to conduct such an evaluationis anfbiimation was
available for only some homeghe results presented here are not indicative of whether or not a
home fully complied with code under an accepted compliance Patbughout this report, 2009

IECC prescriptive path code requirements angpl/ used as reference points for comparison,
with the percentages of inspected homes that meet or fail to meet prescriptive requirement levels
presentedComparing what was observed in inspected homepegific prescriptive insulation
requirements sees as a tool for assessing how many homes, regardless of what compliance path
they followed, met those requirements.

Although the purpose of this study is not to assess code compliance for each inspected home,
results clearly show room for improving th@eegy efficiency of new homesAlmost all
inspected homes, 95%aveat least onenstance where the-fRalue of installed insulation is
below 2009 IECC prescriptive insulation requirements or mandatory duct insulation
requirements:

1 Wood framed wall insution of R20 or R13 cavity insulation plus ¥ insulated
sheathing

1 Conditioned basement foundation wall insulatdiR-10 continuous or &3 cavity

1 Ceiling insulationof R-38 (Allows up to 500 square feet of vaulted ceiling area to be
R-30)

1 Floor insuldion over unconditioned spaces of3R or framing cavity filled

1 Attic supply duct insulation of 8 and all other ducts in unconditioned space insulated to
R-6

Table ES2 on the next pageategorizes inspected homes by what apple prescriptive
insulation requirements were not met. As shown, 23% of spec and 21% of custom homes, for a
weighted average of 23%, did naobeet prescriptive wall, ceiling and floor insulation
requirements; 23% of spec and 7% of custom homes, for a tedigiverage of 21%, did not
meetprescriptivewall, floor and duct insulationequirements15% of spec and 14% of custom
homes, for a weighted average of 15%, met all applicable prescriptive insulation requirements

% Note that two building components are not addresseed windows and slab floors. Documentedvdiue and

SHGC information for windows was available dimited number ohomes where the original NFRC (National
Fenestration Rating Council) sticker was visible. Auditors were unable to observe underneath the slabs and,
therefore, were able neither to confirm the existence nor recordvh&Bs of slab floor insulation most homes
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except for exteriowall insulation.Only two homes,one spec and one customet all applicable

insulation requirements for a weighted averagé%f (SeeAppendix A 2009 IECC Prescriptive
Code Compliance by Sitor a list of thetypes ofinsulation applicableat each home, which
prescriptive insulationequirements the home met, and which the hdiieotmeet.)

Table ES 2: Applicable 2009 IECC Prescriptive Insulation Requirements Not Met

Applicable 2009 IECC Prescriptive All Spec Custom | Weighted

InsulationRequirements Homes Faile¢ Homes | Homes | Homes (Spec/
to Meet (n=40) (n=26) (n=14) | Custom)

Wall, Ceiling & Floori 9 (23%)| 6 (23%)| 3 (21%)| 23%

Wall, Floor & Duct| 7 (18%)| 6 (23%)| 1 (7%) 21%

Wall | 6 (15%)| 4 (15%)| 2 (14%)| 15%

Ceiling| 2 (5%) 1 (4%) 1 (7%) 4%

Ceiling & Floor| 2 (5%) 1 (4%) 1 (7%) 4%

Wall & Duct| 2 (5%) 0 (0%) 2 (14%)| 1%

Wall, Ceiling & Duct 2 (5%) 2 (8%) 0 (0%) 7%

Wall, Ceiling, Floor & Duc| 2 (5%) 1 (4%) 1 (7%) 4%

Ceiling, Floor & Duc| 1 (3%) 0 (0%) 1 (7%) 1%

Exterior Wall & Foundation Wal| 1 (3%) 1 (4%) 0 (0%) 3%
Exterior Wall, Foundation Wall & Ceilin{ 1 (3%) 1 (4%) 0 (0%) 3%
Floor | 1 (3%) 0 (0%) 1 (7%) 1%

Foundation Wall & Duct] 1 (3%) 1 (4%) 0 (0%) 3%

Wall & Ceiling| 1 (3% 1 (4%) 0 (0%) 3%

None: Met All Applicable Requirement| 2 (5%) 1 (4%) 1 (7%) 4%

Compliance Reports

An exploratory analysis of 2009 IECC was conducted based on the 40 inspecteduBbiges

four different compliance pathsnd the 2009 IECC checd&i developed by PNNLThe four
compliance paths are the Prescriptive, Home Energy Rating, Annual Energy Cost, and Overall
Building UA compliance paths. The Home Energy Rating, Annual Energy Cost, and Overall
Building UA compliance paths were all assesssithg reports and calculations available through

the REM/Rate software. This approach allowed the evaluation team to leverage the REM/Rate
files that were compiled for other pieces of this report and utilize those files for this analysis.
Again, it shouldoe noted that the purpose of this study is not to assess code compliance for each
inspected home, nor is it to evaluate code enforcerdatails on the compliance path utilized

by each of the audited homes would be necessary to conduct such an evadunmtidhis
information was not available for all homes; the compliance approach was determined for only
30 of the 40 inspected homd8dherefore, the results presented in this report are not indicative of
actual code compliance but serve as a tool for asgespecific prescriptive measure
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compliance and how homes would likely perform under different performance based compliance
paths.

Analysis of the REM/Rateompliancereportsshows that homesould belikely to achieve the
highest complianceising the Oveall Building UA path (10% of all homesjollowed by the
Annual Energy Cost patb% of all homesandthe Prescriptive pattb$ of all homes)With

respect to the 2009 IECC checklist, homesaverage received 56% of possible checklist points;
overall canpliance with most individual checklist items is over 60®4s important to note that
Overall Building UA compliance was assessed using REM/Rate, not the more commonly used
REScheck” software. REM/Rate, unlike REScheck, accounts for the quality ofnthéation
installation when calculating overall UA values. For this reason it is much more difficult to
achieve compliance using the REM/Rate UA approach as opposed to using REScheck. More
details on code compliance can be found in the code compliangensettthis report. See
Section5 Code Compliance

Manual J Assessments and HVAC Performance

REM/Rate was used to assess heating and cooling system sizing. Results show most heating and
cooling systems are oversized. Tdgerage heating equipment size rati@.i32 indicatingthat

the average installed heating system rated capaci®/3@ times the properly sized system
capacity. For cooling systems, the average size rati®4 ihdicating that the average installed
cooling system rated capacity i54 times the properly sized system capacity. Seetion8.4

Heating and Cooling EquipmeSizing Manual J

In-field measurements were performed to calculate the actual coolingtegand efficiencies

of a sample of residential central air conditioning (CAC) systems throughout thé Biehre
siteswere ultimately included in the analysis; the average operating capacity was found to be
18.9% less than the rated capacity writhe operating efficiency was found to &% less than

the rated efficiency. More details on the HVAC performance testing analyses ¢anndein
Section 8.3HVAC Performance Testing

Comparison to 2011 Program Single-Family Homes

Selected building characteristics of 2011 baseline homes are compared to the characteristics of
singlefamily homes completed through the 2011 Progtauerage flat ceiling Wvalues, floor

over unconditioned basementvdlues and Rralues, attic supply duct insulatiom\Rlues, air
infiltration, duct leakage and HERS indices are all significantly less energy efficient in baseline
homes; all these differences are statistically significant at the 90% confidence level. Differences
in awerage conditioned/ambient wall-\Rlues and Walues, flat ceiling Rralues, cathedral

% Central heat pumps were inded in the sample, but only the cooling performance of such systems was
considered. Some homes used window air conditioning units, which were not included in the CAC analysis.

* Data on the characteristics of 2011 Program sifayiely homes were extractefdom the REM/Rate files of all
singlefamily homes completed through the 2011 Program.
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ceiling U-values and Rralues, foundation wall insulation levels, and insulation on ducts located
in unconditioned space between Program and baseline homes are stitatatsignificant at
the 90% confidence level. See Sectioc@emparison to 2011 Program Sindlemily Homes

On-site Homeowner Survey

Homeowners were asked to complete a short survey during ts#eomspections.The
homeowners are a diverse group with representation across an array of education, age, and
income levels, though on the whole they tend to be-adlicated with annual incomes above the
state average. The most commonly cited method of purchasing hameevis to purchase a lot

from a builder and select one of several house plans offered by the dwlderin four homes

was purchased by this method. On average, homeowners who purchased land and worked with
an architect and/or builder to design and btiild home have the most enesfficient homes.
Homeowners with annual incomes greater than $150,000 have, on average, the most efficient
homes, while those with annual incomes less than $50,000 have the least efficient homes.
Homeowners aged 65 and ovendéoth to have lower incomes and less efficient homes.

Over fourfifths of the homeowners discussed energy efficiency with their builder or sales agent.
Most homeowners said that getting an enezfiigient home was relatively important in their
decisionto buy or build their home. However, homeowners who asked their builder or agent
about energy efficiency, or who assigned a high importance rating to energy efficiency, did not
necessarily get energgfficient homes. Four out of five of the owners of the fleast efficient

homes asked their builder or sales agent about energy efficiency and assigned a high importance
rating to getting an energgfficient home. Survey findings indicate that homeowners are not
very good at assessing the energy efficiencthefr homes, althougbwners ofcustom homes

tend to be better at this thawners ofspec homes.

Nearly threequarters (73%) of homeowners said that they had seen or heard of a newly
constructed home being referred to as an ENERGY STAR Home. Howewnginsuggest
making potential hombuyers aware of ENERGY STAR homes is not enough to get them to act
on that awareness when they look for a home or a builder to build a custom home. Fewer than
one out of four homeowners who said they had seen or heardestly constructed home being
referred to as an ENERGY STAR home said they asked their builder oraggat about
ENERGY STAR homes. See Secti@ilomeowner OfSite Survey

Remainder of the Report

Detailed nformation supporting the findings presented in this executive summary is provided in
the body of the reportAppendix C Insulation Gradesnd Appendix D Building Practicés
Examples from the & Visits address how insulation installations were graded and provide
examples of good and bad building practices observed during the site visits.
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1 Introduction

Auditors conducted osite audits a0 recently completedinglefamily homes acros&hode
Island that did not participate in thehRde Island RNC Program Figure 1-1 shows25% of
inspected homes were completed in 20107%6% in 2011.

Figure 1-1: Year Homes Completed

80%

75%

60%

40%

20%

Percent of Homes

2010 2011
Year Completed (n=40 homes)

Homes were inspected fromarly August through early Novemberof 2011 with several
objectives in mind:

1 Providing a baseline study dbD recently completegdinglefamily homes acrosRhode
Island that did not participate in the RRNC Programand were pemitted under 2009
IECC that can be used to update baseline home assumptions used in calculating energy
savings fothe Rhode IslandProgram

§ Conducting a full HERS rating for each home using REM/Raseftware

1 Providing a comparison of 2011 baseline honessinglefamily homes completed
through the 2011 Program

1 Using 2009 IECC compliance reports produced by REM/Rate to assess how the baseline
homes would likely perform under different performance based compliance paths

1 Assessing code compliance using tB809 IECC checklist developed by Pacific
Northwest National Laboratory (PNNL)
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1.1 General Characteristics of Inspected Homes

The most popular style of the homes inspected is colonial (33% of inspected ,Hofte@sgd

by cape (18%), ranch (18%), and contenapy (15%). With the exception of two attached
homes, all of the homes are detached sifeyleily homes. All homes except for one are year

round primary residences. The smallest home inspected is 935 square feet and the largest is
5,244 square feeF{gure1-2). The average conditioned floor atdar all homes is 2,245 square

feet and the median is 1,974 square feet. The average custom home is 2,591 square feet and the
average spec home is 2,058 square feet. The majority of (6B#8 are two stoes; 33% are

one to one and orealf stories and 5% are two and enalf to three storiefrigure 1-3 shows
examples of the different size homes inspected.

Figure 1-2: Conditioned Floor Area
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Figure 1-3: Examples of Inspected Homes

o F

RESNET definition of conditioned floor area (CFA): f
(insulated) conditioned space boundary (that is, within theldatesd envelope), regardless of HVAC configuration.

CFA includes unfinished spaces that are directly condi
supply (or other intentional heat source). CFA does not include spaces such as insskateghts or attics that are

unfinished, if there is no intentional HVAC supply, or minimal supply (inadequate to be considered directly
conditioned space. CFA does not include heated garages.
Source: http://www.resnet.us/standards/Floor_Area_Interpretation.pdf
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1.1 On-Site Data Collection

An onsite data collection form that contained the inputs required to conduct a full HERS rating
and complee the 2009 IECC checklistas developed. The data collection form was broken up
into six primary sections that are detailedTiable1-1. (SeeAppendix E Data Collection Foim

Table 1-1: Data Collection Form Inputs

General Insulation/Shell Mechanical Test Lighting & 2009 IECC
Information Measures Equipment Results Appliances Checklist
1 House type
1 Area of| T Exterior
conditioned walls
space 1 Ceilings . 1 CFL fixtures
1 Volume of 1 Frame T zejli“?r?ent 1 Incandescent
conditioned floors V\(Il tp Bl or Halogen 1 Yes/No
space 1 Rim/Band Il ater Il ower fixtures checklist
. . . heating door .
1 Primary heating joists . 1 Fluorescent items that are
. equipment results X :
fuel 1 Windows 1 Coolin Duct tube fixtures not detailed
1 Stories 1 Skylights 'ing T ue 1 LED fixtures within other
equipment blaster o .
9 Bedrooms i Doors 1 Duct results 1 Ceiling Fans sections of
1 Thermostat ! Slab Floors insulation 1 Refrigerators the form
typ.e 1 Foundation 1 Renewables 1 Dishwashers
91 Builder type walls
T Own/Rent T Mass walls
1 Evaluation I Sunspaces
region

One of the challenges of inspecting completed homes is that several building envelope
components are not accessible or visiBlgecifically, three components are difficult to verify in

a postoccupancy inspection: slab insulation, exterior foundation wall insulation, and window
efficiencies. Slab insulation is almost never visible once the slab has been poured. Similarly, if
exterior foundation wall insulation does not extend above grade thienviry difficult to
visually verify in a posbccupancy inspection. Finally, window-land SHGC values are
difficult to verify in occupied homes as most homeowners have removed the NFRC labels from
the windows in their home and typically do not retainopyc For all three measures auditors
may be able to estimate the efficiency related characteristics based on building plans or
discussions witthomeowners, builders, or contractors

Framing was relatively easy to determine based on the degtle whll, which was determined

either by looking at the width of a door frame or window, or by removing an electrical outlet
cover and measuring the depth of the wall. Insulation levels and the quality of installation were
harder to verify. Floor insulation type,-Wlue and installation grade were almost always
verifiable, as insulated frame floors are rarely enclosed except when located between conditioned
space and a garage or conditioned space and the outside. Wall insulation characteristics were
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frequently verifable in the basement or attic knee walls, although the installation grade was
sometimes reported as not observable because the walls were enclosed.

The default assumptions for the level of insulation werERor 2x6 stud walls and-R1 for

2x4 stud wdk; these are common insulation values for these size walls. The default assumption
for the type of insulation was fiberglass batts if that was the type of insulation visible in other
areas of the home. It is possible, using these assumptions, thatviemee of fiberglass batts

may be overestimated and the prevalence of other insulation types may be underestimated.
However, given the verification of fiberglass batts in so many homes, this does seem to be a
reasonable approach to estimating the insudatype in unobservable components. Throughout

this report, the percentage of homes in which auditors were able to visually inspect insulation is
reported.

In order to conduct a full HERS rating, auditors were required to assign an installation grade to
eah of the insulation components in the home. Per RESNET standards there are three insulation
installation grades: Gr ade I, Gr ade (I and
installation, Grade |1l i s a ahpfrseltapyp ygooSeednos ti anlsl
Appendix C Insulation Gradder full definitions of Grade I, Il and Il installations and pictures

of insulation installations observed in inspected homes.) If the insulation installatiormsiaes, v

then auditors applied the RESNET definitions to determine the installation grade. When the
insulation was not visible (e,gan enclosed wall cavity) auditors used what was observed in

other areas of the home to help estimate the installation fpateat particular component. For
example, if exterior wall insulation was visible in an unconditioned swalkbasement and

assigned a Grade Il installation, then the above grade walls for that home were also assigned a
Grade Il installation.

Figurel-4 shows a Grade | and a Gradefldlor insulation installation.

Figure 1-4: Example of Grade | and Grade Ill Floor Insulation Installation

Wall insulation (whee visible) was predominantly fiberglass batts and was typically assigned
either a Grade Il or Grade Il installation. Frame floor insulation was also predominantly
fiberglass batts and typically assigned a Grade Il installation as the insulation wasubftén

NMR



Rhode Island2011 Baseline Study of Singléamily Residential New Construction Pagel2

contact with the subfloor. In general, Grade | applications were reserved for spray foam
insulation and blowin insulation(i.e., cellulose and fiberglas#) attics.

The full extent of duct sealing was often unobservable as insulation wasngdaegie portions

of ducwork, preventing visual verification of duct sealing in many plattesas also difficultto

verify that none of the building cavities were being used as supply ducts. In all applicable cases,
auditors verified that basement flgorsts were not being used as supply cavities. That said, in
many cases it was difficult to confirm, without a reasonable doubt, that none of the wall cavities
were being used as supply ducts.
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2 Sampling Methodology

The sampling methodology involved demging a sample of new homes from utility new
residential permanent service requeatsl additional information collected from the city and
town building departments about new homes that had been permitted under IECC @06S. H
for the onsite inspectionsvere selectedbased on their location and whether they were spec or
custom built.

2.1 Sampling Plan

The sampling plan, shown fable2-1, wasbased on the number of building petsriior homes
in single unitresidential bildings issedin eachRhode Islanadounty in 2010.

Table 2-1: Sampling Plan
Percent of

Ong L.Jn't State One Unit Targej[ed Bg
County Building o Site
; Building .
Permits . Inspections
Permits
Bristol 38 5% 2
Kent 92 13% 5
Newport 91 13% 5
Providence 272 37% 15
Washington 234 32% 13
Total 727 100% 40

In addition to the specified number of-eite inspections by county, the study attempted to
recruit as many spdwmes as possible, with a set limit of no more thanu&oen homes. The

goal was to come as close as possible to the 90% to 10% spec/custom mix in the Rhode Island
RNC Program, even though it was apparent that there were not enough spec homes built and
occupied under IECC 2009 in the timeframe allowed foratiksites. The reason for getting as

many spec homes as possible waprovide a valiccomparison of 2011 baselisaudyhomes to
singlefamily homes completed through the 2011 Prograrhich were overwhelmingly spec

built homesSpec and custom builth@as wer e defined according to
to the following screening question:

How did you purchase your home?

1. Purchased land and worked with an aratisend/or builder to build theome
2. Had a house plan and a lot and hired a contraciitatdy to build the home

3. Purchased a lot from a builder selected one of several house plans difetbd builder
and selected from various available upgrade options

4. Purchased a home that was under construction and selected from aasbaisle
upgraleoptions
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5. Purchased a finished home
6. | am the owner and builder

Homes were classified as custom built if the homeowner chose responses 1, 2, or 6; if the home
owner chose responses 3, 4, or 5, the home was classified as spec built.

There was also goal toperform no more than twon-site inspectiosin each community; the
reasoning is that new residential construction in each city and town would come under the same
building inspection department and may thus have similar rates of code compBacaese

single unit new construction under IECC 2009 was concentrated in particular communities, these
limits were eventually raised tlour in Warwick, threein Tiverton, four in Lincoln, threein
Smithfield,five in South Kingstownfive in Westerly, andhreein all other cities and towns.

2.2 Sample Development

The sample of homes for the -site inspections wasmitially developed from new residential
permanent service requests collectedNational Grid.New permanent service requests have
been used to identifyewly constructed homes foeariousbaseline studies and new home buyer
surveys.However, the tight timeframe for completing inspections of homes permitted under
IECC 2009 necessitated repeated contacts with various building departments to ascertain that t
homes identified by the new service requests had indeed been permitted under IECC 2009 and to
identify additional homes that had been recently permitted under the new code.

The datarom the permanent new service requests reegilsy National Grid fronJuly 1, 2010
through approximately the first three months of 2@&te cleaned to remove addresses where:

1 The home had participated in tR@ode IslandProgram.
1 The housing unit was obvioushpt a singlefamily detached or attached home
1 Therewasonlyth bui |l der 6s name on the wutility rec

After the initial cleaning, the addresses were checked through the local building departments to
ensure that the home had been permitted after the date when IECC 2009 would have been
compulsory;the checks with theulding departments also meant that new service requests that
did not involve new home constructiosuch as those involving additions to existing homes or
major renovationscould be screened out at this stagelditional addresses that had been
recentlypermitted under the new code, completed construction, and, in the case of spec homes,
were no longer owned by the builders, were collected from the building departments. In total,
information was obtained from 38 out of the 40 municipal building deparsmanRhode
Island® A total of 268 addresses considered possible candidates fdiOtbe-sites werethus
identified

®Including 11 building departments that were contacted but reported that no homes had been built under IECC
20009.
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2.3 Sample Selection

Sample selection involved precruitment of both the homeowners identified through the utility
permanent new service geests and building department records of homes permitted under
IECC 2009.

2.3.1 Pre-Recruitment

Each homeowner at the 268 addresses identified was mailed a letter, iN#tithreal Gridlogo,
explaining the purpose of the study, what thesie inspections wdd be like, and the
incentives of $150 to $200 offered for participatioMhere addresses identified through the
building departments did not have phone numbers, homeowners were maistcard they
could return with a phone numbaong with thdetterexplaining the purpose tiie study

2.3.2 Sample Disposition

The sampling plan targeting a certain number e§ites in each county along with the goal of a
limited number of inspectionger community and the spec/custom mix meant that sdrtteo
prerecruted samplecould not be usedOf the 268 names, 151 were considered not eligible
becausel) the quota of inspections in a particular county was reac®ed certain number of
inspections had already been scheduled in their city or town; or 3) a limteias placed on
the homes thought to be custom that were recruitbis meant a valid sample of 117 homes.
Table2-2 summarizes the disposition of the sample.

Table 2-2: Sample Disposition

Sample Description Number Percent
Sample 268
Sample considered not eligibl 151
Valid Sample 117
Completed onsite inspections 40 34%
Refusals 19 16%
Not reached 58 50%

It is important to note that the overwhelming majodfythe valid sample not reached consists of
messages left for homeowners that had no felipabecause the desired number ofsda
inspections was reached. Of the homeowners who were reached, theraoretban twice as
many acceptances (40) than reflsg19).
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2.4 Completed On-Site Inspections

As Table 2-3 shows, the completed @ite inspections followed the sampling plan shown in
Table 2-1 as closely as possible given the available number of homestigelr under IECC
2009 and achieved a spec/custom mix of 65% to 35%.

Table 2-3: Completed On-Site Inspections

County EiED Or_}Slte Spec Built  Custom Built
Inspections

Bristol 1 0 1
Kent 6 4 2
Newport 10 7 3
Providence 12 8 4
Washington 11 7 4
Total 40 26 14

Moreover,the inspections took place in 2ities and towns across Rhode Islatitere wa only

one inspection done in 12 communities, two inspections done in each of two communities, three
inspections done in each of four communities, and four inspections done in each of three
communities. The 2tommunities covered are shownFigure2-1.
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Figure 2-1: On-Site Inspections
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Table 2-4 presents summary econonticaracteristics by county. More than dmaf of on-sites
(55%) were conducted in counties where the median value of eagoepied housing unitis
above the statewide media70% of onsites were conducted in counties were the median
household income is above the statewide median.

Table 2-4: Economic Characteristics by County

Median Value 6 Median
Completed On :

Site Inspections Owner—Qccupled Household

Units* Income*
Bristol 1 $345,432 $65,237
Kent 6 $240,900 $58,907
Newport 10 $375,700 $64,250
Providence 12 $242,400 $47,887
Washington 11 $341,400 $69,083
Total Rhode Islang 40 $283,700 $53,243

*http://quickfacts.census.gov/qfd/states/09/09001.html; median home \alddacomearefor the
years 2006 through 2010

There is considerable variation in economic characteristics among the cities and towns within
each county, s@able2-5 examines the median housing values and incomes in the communities
with on-sites. At a commmity level, there were considerably manesites incommunities with
housing valuesabove the statewide mediaand in communities with incomes @ake the
statewide median

Table 2-5: Economic Characteristics by Community
Median Value Median

of Owner Household
Occupied Units* Income*
OnSites in Communities Above State Medie 77% 70%
On-Sites in Comnunities Below State Median 23% 30%
*http://lwww.city-data.cony/ dataarefor 2009

2.5 Weighting

While a great effort was made to recruit as many &pdt homes as possible for the-sites,
there was a higher portion of spleailt homes that participated the R RNC Program (90%)
thanspec built homes thatarticipated in the osites (65%). Thus, in order to reflect the mix in
the Rhode Island ENERGY STARrogram the data are weighted by 90% for spedt homes
and 10% for custom homes.

The tables inttis report generally show the unweighted data from all 40 hampected for the

2011 baselinethe unweighted data from the speailt homesinspected the unweighted data

from the custom homesspectedand the weighted average of spec and custom homes.
Statistically significant differences at the 90% confidence level between spec and custom homes
are noted in the appropriate tables.
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2.6 Sampling Error

In developing the owite sample design, the evaluation team drew from experience in similar
studies to stimate a coefficient of variation (CV) and a sample size that would provide a
precision of + 10% at the 90% confidence level. Assuming a coefficient of variation of 0.49,
based ora Vermontresidential new construction baselinedst conducted in 2008the team
estimated that a sample size 3 homes would be adequate to produce a final precision of
+ 10% at the 90% confidence leyaksuming dower coefficient of variation of 0.37based on a
Massachusetts residential new construction baseline stadyicied in 2005 would reducehe
estimated sample size produce a final precision of + 10% at the 90% confidence tevéb
homes

As a result of this study the evaluation te@nable to utilize actual coefficients of variation to

estimate the fingprecision levels of key home characteristics. The coefficient of variation is of

central importance to determining the final precision levels. A primary objective of this study is

to document the existing building and equipment status of new Sargity homes by feature.

Some features are far more variable than othetbidrstudy duct leakage and air infiltraticare

the most variable, and HVAC system efficiencies the least variable. No single building
component is a reliable indicator of a building over al | efficiency. An
HERS ratings on all homes is that we have a n
looks at a home as a system and how various individual components of the home work together.

’ Vermont Residential New ConstructidBaseline StudyAnalysis of Onsite Audits Submitted to Vermont
Department of Public Service by Nexus Market Research, Inc., RLW Analytics, Inc. and Dorothy Conant. July
2009.

8 MassachusettENERGY STAR Homes 200Baseline Studyart I: Inspection Data Analysis, SubmittedJoint
Management committee by Nexus Market Research and Dorothy Conant. May 2006.
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Table2-6 shows the coefficients of variation and relative precisions at the 90% confidence level
components

for sever al key buil di

ng

Page20

and

efficiency. Based on these coefficients of vaoiat relative precision ranges fraf0.9% for all

central air conditioning SEER + 19.24 for duct leakage. The HERS index, which is the one

me a

measurement that addresses multiple building components, has a coefficient of variatién of 0.1
and a good relate precision oft 3.8% at the 90% confidence level.

Table 2-6: Coefficients of Variation and Relative Precision for Key Residential

Construction Measurements

Parameter

Sample

Size

Coefficient

of

Variation

Relative
Precision

+0.9%

Central Air Conditioning SEH 39 0.04
All FossiFuel Fired Heating System AF{ 43 0.06 +1.4%
HERS Inde 40 0.15 +3.8%
Conditioned/Ambient Wall Insulation R/alue 40 0.19 +4.7%
Flat Ceiling Insulation R/alue 35 0.19 +5.1%
Cahedral Ceiling Insulation ®alue 19 0.18 +6.5%
Air Infiltrationt Air Changes per Hour at 50 Pasc 38 0.35 +9.0%
Duct Leakage CFM25/100 Sq. Ff 22 0.56 +19.2%
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3 Preliminary User Defined Reference Home (UDRH) Inputs

The 2011 Baseline UDRH inputs are Iprenary estimates based on study findings weighted to
reflect the mix ofsinglefamily spec and custorhousing in the 2011 Prograrifhis section
presentgletailed tables showing the data used to develop UDRH inpet®ralof the rows in

the tables ardata that show study results in more detail than used for UDRH inputs, for example
more detailed heating system categd@iéisese rodsaremar ked A For .BEweser ence
For Retrence Only rows are included to provide suppgrimformation that the Pragm
Administrator may find useful when developing final UDRH inplgecause of smalbaseline
sample sizesn Rhode Islandfor some types of heating systems, water heating systems,
foundation walls and slapslata are presented for combined Rhode Islamt Massachusetts
baseline samples as well as for just the Rhode Island santy@érogram Administratomwill

review these preliminary UDRH estimates and develop a final set of UDRH.inputs
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HEATING UDRH INPUTS

Page22

Weighted Sample Results (90% Spec 10% @a)st

|
Heating System Location

Unconditioned

Current Rhode IslandJDRH Input 5 |\yeiqhteqAll HomesSystem{ ~ Spec SYSems o istom
eighted . in Spec/
Systemg Average Average (SEEE IS Custom Home Custom
n) AFUE AFUE | Homes| Average Homes Average Difference
(Raw Datal (n) AFUE ") AFUE
Gas Fuel Firedi®Distribution (Furnaces and Hyd#ar)| 89.2 AFUE 26 92.2 92.30 18 92.14 8 92.73 | Not Significant
GasFuel FiredHydronicDistribution(Hot Water Boiler§ 81.7 AFUE 10 88.7 90.52 6 88.08 4 94.18 | Significant
All Gas fuel Fired Systems For Reference Oyl 36 91.3 91.82 24 91.12 12 93.21 | Not Significant]
Qil Fuel Fired Air DistributiofFurnaces and Hyd+Air) 83.9 AFUE 2 81.6 84.00 1 81.00 1 87.00 n/a
Oil Fuel FiredHydronicDistribution(Hot Water Boilers) 84.4 AFUE 4 86.0 85.99 3 85.99 1 86.00 n/a
All Ol fuel Fired Systems For Reference Onl 6 84.9 85.33 4 84.74 2 86.50 n/a
Rl & MA DATA COMBINED: WEIGHBB® Spec 10% Custom
Gas Fuel Fired Air Distribution (Furnaces and Hdig For Reference Opl| 126 92.1 92.09 99 92.06 27 92.20 | Not Significant
Gas Fuel FiredHydronicDistribution (Hot Water Boiler{ For Reference Oyl 17 86.8 89.02 10 86.09 7 93.21 | Significant
All Gas fuel Fired Systems For Reference Opl| 143 91.6 91.72 | 109 91.51 34 92.41 | Not Significant
Oil Fuel Fired Air Distribution (Furna@esl HydreAir) | For Reference Oyl 12 83815 84.04 9 83.11 3 86.83 | Significant
Qil Fuel FireddydronicDistribution (Hot Water Boilers| For Reference Oyl 7 85.3 85.37 6 85.26 1 86.00 n/a
All Oil fuel Fired Systems For Reference Opl 19 84.2 84.53 15 83.97 4 86.63 | Significant

‘ Space
0, 0, 0,
Boilersin Conditioned Space For Reference Opl| 20 16% o el 12 L] 8 13% | Not Significant
Systems| Systems Systems
0, 0, 0,
Furnacesn Conditioned Space For Reference Opl| 22 31% of EegLel 16 Sl 6 33% | Not Significant
Sysems | Systems Systems
0, 0, 0,
Boilers and Furnaces in Conditioned space For Reference Opl| 42 25% of | 24%of 28 25%of 14 21% | Not Significant
Systems| Systems Systems
Individual Heating System Types | | |
Fuel Fied Air Distribution (natural gas) For Reference Opl| 14 93.0 92.5 9 93.2 5 91.4 | Not Significant
Fuel Fired Hydronic Distribution (natural gas) For Reference Oyl 5 92.5 93.0 3 92.3 2 94.10 n/a
Fuel Fired Air Distribution (propane) For Reference Opl| 12 91.5 92.1 9 91.1 3 95.00 | Significant
Fuel Fired Hydronic Distribution (propane) For Reference Ol 5 84.9 88.0 3 83.8 2 94.25 n/a
Combined appliance (natural gas) For Reference Ol 1 91.0 91.0 1 91.0 0 n/a n/a

Combined appliance (propane)

For Referene Ony

No Baseline Homes
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HEATING UDRH INPUTS Weighted Sample Results (90% Spec 10% duist

Current Rhode IslandJDRH Input Al Spec/
Custom

‘ (n) Difference

Individual Heating System Typésontinued)

Combined appliance (oil) For Reference Ol No Baseline Homes

Air Source Heat Pump For Reference Ol No Baseline Homes

Ground Source Heat Pump For Reference Opl 1 (144125 'gg:: %j125 'ég'; 1 (1:'125%351 0 n/a n/a

Dual Fuel Heat Pump For Reference Opl No Baseline Homes

All Gas Furnaces Natural Gas & Propane For Reference Opl| 22 92.6 92.8 16 92.5 6 93.6 | Not Significant

Natural Gas Furnaces For Reference Opl 10 94.0 93.6 7 94.2 3 92.1 Significant

Propane Furnaces For Reference Oyl 12 91.5 92.1 9 91.1 3 95.0 Significant

All Oil Furnaces For Reference Oyl No Baseline Homes

Gas Boilers Nat. Gas & Propane For Reference Opl| 14 88.9 90.4 8 88.5 6 92.87 | Significant

Natural Gas Boilers For Reference Oyl 9 91.3 91.7 5 91.2 4 92.18 | Not Significant]

Propane Boilers For Reference Ol 5 84.9 88.0 3 83.8 2 94.25 n/a

Oil Boilers For Reference Oyl 6 84.9 85.3 4 84.7 2 86.50 n/a
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COOLING UDRNRUTS
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Weighted Sample Results (90% Spec 10% Custom)

All Systems ir Systems
Current Rhode IslandJDRH Input . All Homes | =Y Spec in Custom| Attached/
Systems | Weighted Spec
Average Home | Custom| Home Detached
or Homes| Average Homes .
(Raw Data Average| Homes | Average | Difference
Q) (n) .
Air Conditioner SEER 13 SEER 40 13.1SEER| 13.4SEER 25 13.1SEEl 15 |13.9SEE| Significant
Square Feet of Conditioned Space per ToFor Reference Op| 27 Homeg 625Sq. Ft | 645Sq. Ft. 18 616Sq. Ft 9 703 | Not Significant
. . 23%of A/IC | 22%o0f A/IC 24%o0f 0 _—
Located in Conditioned Space For Reference Op 41 Units Units 25 A/C Units 16 19% | Not Significant
Ground Source Heat Pump For Reference Oy 1 20.75 EER 20.75 EER 0 n/a 1 |20.75EE n/a
Ductless Mini Split* For Reference Op| 1 19.0SEER| 19.0SEER 0 n/a 1 19 n/a

*Ductless Mini Split cools only one room. It is not included in square feet per ton data, which includes only homes vatharertdnditioning for the entire
home. It is included in the Air Conditier Unit SEER data.
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WATER HEATING UDRH INPUTS

Weighted Sample Results (90% Spec 10% Custom)

All Systems
Current Rhode IslantUDRH Input : Systems ys
All Weighted| Homes | - in
in Spec | Average Average| Spec/Custom
Systemq Average | Average Custom .
Homes EF EF Difference
(n) EF EF (Raw ) Homes
Data) (n)
Gas Conventional 0.58 EF 8 0.63 0.63 7 0.63 1 0.65 n/a
Gas Integrated 0.75 EF 8 0.80 0.82 4 0.80 4 0.84 | Not Significant
Oil Conventional 0.61 EF No Baseline Homes
Oil Integrated 0.69 EF 4 0.78 0.78 2 0.77 2 0.80 n/a
Electric Resistance 0.86 EF 6 0.91 0.91 5 0.91 1 0.90 n/a

Rl & MA DATA COMBINED: WEIGHI®&®H Spec 10%

Gas Conventional For Reference Oyl 60 0.63 0.63 52 0.63 8 0.64 | Not Significant
Gas Integrated For Reference Oyl 19 0.81 0.84 6 0.81 13 0.85 Significant
Qil Conventional For Reference Oyl No Baseline Homes
Oil Integrated For Reference Ol 10 0.78 0.79 6 0.78 4 0.80 | Not Significant
Electric Resistance For Reference Ol 26 0.90 0.90 23 0.90 3 0.89 | Not Significant
Gas Instantaneous 0.62 EF 23 0.84 0.85 12 0.84 11 0.86 | Not Significant]
Weighted Average all Natural Gas and Propane Conventional
Instantaneous (weighting based on percentages of conventiony 83 0.69
and instantaneous systemB)r Reference Oyl
all Natural Gas and Propane Conventional and Instantaneous 83 0.68 0.69 64 0.67 19 0.77 Significant

] Unconditioned
Water Heater Location Space
Instant (BoilerPercentin Conditioned Space For Reference Oyl 11 25% 45% 5 20% 6 67% | Not Significant
IniEejreitsr (Ualln UEnle VEliizes o) For Reference Opl | 16 21% | 19% 9 2204 7 14% | Not Significant
Percentln Conditioned Space
StoragePercentin Conditioned Space For Reference Onl 14 33% 36% 12 25% 2 100% | Significar
TotalPercentin Conditioned Space For Reference Onl 41 25% 32% 26 23% 15 47% | Not Significant
Conventional (Natural Gas) For Reference Oyl 6 0.62 0.63 5 0.62 1 0.65 n/a
Conventional (Propane) For Reference Oyl 2 0.65 0.65 2 0.65 0 n/a n/a
Integrated (Natural Gas) For Reference Oyl 5 0.83 0.83 2 0.82 3 0.84 n/a
Integrated (Propane) For Reference Oyl 3 0.78 0.78 2 0.77 1 0.85 n/a
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WATER HEATING UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom)
All Syst
Current Rhode IslantDRH Input : Systems ysiems
All Weighted| Homes | - in
in Spec | Average Average| Spec/Custom
Systemq Average | Average Custom .
Homes EF EF Difference
(n) EF EF (Raw ) Homes
Data) (n)
InstantaneousGas For Reference Ol 11 0.85 0.87 5 0.84 6 0.89 Significant
Instantaneous (Natural Gas) For Reference Ol 5 0.86 0.86 3 0.85 2 0.88 n/a
Instantaneous (Propane) For Reference Ol 6 0.83 0.88 2 0.83 4 0.90 n/a
Tankless Coil For Reference Ol 4 0.48 0.48 3 0.48 1 0.45 n/a
All Natural Gas and Propane Conventional brstiantaneousFor 19 0.73 077 12 0.72 7 0.86 Significant
Reference Ont
Weighted Average all Natural Gas and Propane Conventional
Instantaneous (weighting based on percentages of convention 19 0.77
and instantaneous systemB)r Reference Oyl
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Weighted Sample Results (90% Spec 10% Custom)

Current Rhode IslantUDRH Inputs Weighted | All Homes Spec Homé Custom
All Average Uq Spec Custom| Home
Average Average Uc Spec/Custom
Homes or Homes Homes |Average U )
Uo or or Difference
(n) Rvalue | value (n) Rvalue (") or
(Raw Data) Rvalue
Above Grade Wall (Conditioned/Ambient) Uo=.065 40 0.073 0.071 26 0.074 14 0.066 Significant
Above Grade Wall (Conditioned/Ambient) R20 40 17.7 183 2% | 175 14 19.6 Sgnificant
For Reference Ol
Conditioned/Garage Walll-value For Reference Only| 26 0.077 0.075 19 0.078 7 0.069 | Not Significant
Conditioned/Garage Wall-fRalue For Reference Only| 26 17.0 17.3 19 16.7 7 19.0 Not Significant
Conditioned/Attic Wall bralue For Reference Oyl 10 0.081 0.087 6 0.080 4 0.097 Significant
Conditioned/Attic Wall Rralue For Reference Only| 10 16.7 15.6 6 17.0 4 13.5 Not Significant

Floor UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom)
Current Rhode IslantUDRH Inputs Weighted | Al Homes Spec Homé Custom
All Average Ud Spec Custom| Home
Average Average Ud Spec/Custom
Homes or Homes Homes|Average U .
Uo or or Difference
(n) Rvalue | value () Rvalue (") or
(Raw Data) Rvalue
Frame Floor over Unconditioned Baseme| Uo= .04 26 0.119 0.111 19* 0.123 7 0.079 | Not Significant
Frame Floor over Unconditioned Basemel AEY 27 17.6 18.3 20 172 7 21.7 Not Significant
For Reference Ol
Frame Floor over Outside Airddlue For Reference Only| 10 0.085 0.069 6 0.09 4 0.038 | Not Significant
FrameFloor over Outside Air-iRalue For Reference Only| 10 238 27.5 6 22.5 4 35.0 Significant
Frame Floor over Garagevalue For Reference Only| 13 0.054 0.069 8 0.049 5 0.100 | Not Significant
Frame Floor over GaragevRlue For Reference Only| 13 25.6 23.9 8 26.1 5 20.4 Not Significant
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Ceiling UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom)
Current Rhode IslantyDRH Inputs Weighted| Al Homes Spec Home Custom
All Average Uq Spec Custom| Home
Average Average Uc Spec/Custom
Homes or Homes Homes |Average U )
Uo or or Difference
(n) Rvalue | Fvalue () Rvalue (") or
(Raw Data) Rvalue
Attic Uo=.058 35 0.051 0.051 24 0.051 11 0.051 | Not Significant
Attic R31 35 34.6 34.5 24 34.6 11 34.2 Not Significant
For Reference Onl
Vaulted Uo= .057 19 0.044 0.043 9 0.045 10 0.041 | Not Significant
Vaulted R296 19 32.8 33.0 9 328 10 33.2 Not Significant
For Reference Onl

* There is ndJ-value for one basement because it was treated as conditioned volume and was not modeled in REM/Rate. This fi@8rihadldRion.
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Infiltration UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom)

Current
All Weighted Al AChES Spec ST Custom Custom
Rhode Island . Average Home Home | Spec/Custom
2011 Baseline Home Category Homes| Average Homes Homes .
UDRH Input () ACHS0 ACH50 ) Average ) Average| Difference
(Raw Data) ACH50 ACH50
AllBaselineHomes 40 5.71 5.63 26 5.74 14 5.44 | Not Significant

Only kaseline homes with #isements
that arefinished and conditioned space
and homes witrfully uncorditioned 38 5.96 5.81 24 6.02 14 5.44 | Not Significant
basements that ar@ot conditioned

ACH506.72 floor area(CFApNd were notincluded

in the testing

Onlyhomes vhere the basement was
included in the testingGonditioned
Volumeé but the basement area was nc¢
conditioned floor area

2 2.34 2.34 2 2.34 0 n/a n/a

DUCT LEAKAGE UDRH INPUTS ‘ Weighted Sample Results (90% Spec 10% Custom)
Current Rhode Islang iah All Homes Spec Custom
All Weighted Average Spec | Home | Custom| Home
UDRH Input 2011 Baseline Home Average g P Spec/Custom
Category Systems CEM25/ CFM25/ | Homes | Average| Homes | Average Difference
' (n) 100 Ff 100 F¢ (n) | CFM25/| (n) CFM25/
(Raw Data) 100 Ft 100 Ft
All Tests Tjt lﬂt'SHommth 24 18.1 17.5 17 | 184 7 15.4 | Not Sigrficant
Duct Leakage No Conditioned Volume/ No| -
CEM25/100 Ft 14 CEA Basements 22 20.0 18.9 15 20.5 7 15.4 | Not Significant
Conditioned Volume/ Not
CEA Basements 2 2.1 2.1 2 2.1 0 n/a n/a
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WINDOW UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom)
. Custom
Current Rhode IslantdDRH Inputs Weighted | All Homes Spec Home
All Spec Custom Home
Homes Average Average Homes Average Homes | Average Spec/Custom
U-or SHGC| U-or SHGC U- or SHGC g Difference
(n) (n) (n) U- or SHG(Q
Value Value Value
Value
WindowUo (baseline data) Uo=0.35 5 0.32 0.31 2 0.33 3 0.30 n/a
WindowUo N
Gasaine ghim v detnTa) Uo=0.35 40 0.34 0.34 26 0.34 14 0.33 Not Significant
WindowSHGC (baseline data) Uo=0.35 4 0.31 0.35 2 0.30 2 0.40 n/a

Documented Walue and SHGC information was available Iffditome where the original NFRC (National Fenestration Rating Council) sticker was visible.
Auditors had access to the-whlue and/or SHGC, or to information with which they could estimate thealUe and/or SHGC (such as the window
manufacturer and series A AG SR Ay | K2YSQa LXlyao F2NI Iy RRAGA2YIE n K2YSad het aSR 2y
default value of 0.34 is used.

FOUNDATION WALL

Weighted Sample Results (90% Spec 10% Custom)

UDRH INPUTS
Current Rhode IslastUDRH Inputy Al Weighted b Spec | Spec Home| Custom Custom
Average Home Spec/Custom
Homes| Average Homes| Average Homes )
‘ ") RValue Rvalue ") RValue ") Average Difference
(Raw Data) RValue
Foundation Wall Insulation in
Conditioned Basemen®&Value R13 4 18.55 16.75 2 19.00 2 14.50 n/a
Foundation Wall Insulation in R31| 33 1.06 082 | 23 117 10 0.00 | Not Significant
unconditioned Basements-RRalue

Rl & MA DATA COMBINED: WEIGHI®&®H Spec 10% Custom

~eumekien HHe et [ Cenit iz 24 13.36 13.38 s =5 11 13.41 Not Significant
Basements -Walue For Reference Oyl

Foundation Wall Insulation in unconditioned
Basements -Walue For Reference Oyl

112 0.30 0.26 88 0.33 24 0.00 Not Significant
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SLAB UDRH INPUTS
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Weighted Sample Results (90% Spec 10% Custom)

Current Rhode IslantUDRH Inputg Al Weighted AllHomes | =g | SPEC | 1 ctom | CUStom
Average Home Home Spec/Custom
Homes Average Homes Homes .
") RValue Rvalue ") Average ") Average Difference
(Raw Data) R-Value RValue
Slab Rvalue (All baseline homes wit Reflt:a(r)erance 6 0.50 AEE) 2 0.00 4 5.00 n/a
data)
Only

On-Grade Slab NoRadiantHeat
RValue (All baseline homes wit RO.2 3 0.50 3.33 1 0.00 2 5.00 n/a
data)
BelowGrade Slab NoRadiant Heat
RValue (All bseline homes witf RO 4 0.50 2.50 2 0.00 2 5.00 n/a
data)
OnGrade SlaliRadiantHeat RValue| R10.7 1 10'_00 10.00 0 n/a 1 10.00* n/a
(All baseline homes with data) (unweighted)
BelowGradeSlabRadiantHeat
RValue (All baseline homes with RO 0 n/a n/a 0 n/a 0 n/a n/a
data)
Rl & MA DATA COMBINED: WEIGHI&® Spec 10% Custom
Slab Rvalue (All baseline homes with data) 19 0.31 211 6 0.00 13 3.08 Significant
For Reference Oyl
Slab NorRadiantHeat R-Value N
(All baseline homes with dat&yr Reérence Ony L Oz LEl g Ul L el ST
SlabRadiantHeatR-Value 10.00
(All baseline homes with dat&yr Reference Oyl ! (unweighted) LAY 2 M L i el

* The home with R0 insulated radiant slab floor also had Rinsulation orthe slab perimeter.

NMR




Rhode Island2011 Baseline Study of Singléamily Residential New Construction Page32

DUCTINSULATIONDRH INPUTS Weighted Sample Results (90% Spec 10% Custom)
Current Rhode IslantUDRH Inputd Al | weighted | A HOMES | gpac | SPEC | ogpm | Custom
Average Home Home | Spec/Custom
Homes| Average Homes Homes .
") RValue Rvalue ") Average ") Average| Difference
(Raw Data) R-Value RValue
2 o el CHER R EEEs R468 | 24 6.62 6.55 17 | 666 7 6.27 | Not Significant
UrEt (s B gy 1 Uiesielemss R5.29 | 16 6.45 6.54 12 6.3 4 7.30 | Not Significant
basements R/alue
Duct Insulatior-Supply in attics R alue R7.46 16 7.57 7.39 11 7.65 5 6.86 Significant
Duct Insulatio-Return in unconditioned R442 | 16 5.18 5.24 12 | 513 | a4 563 | Not Significant
basements R/alue
Duct Insulatior-Return in atics RValue R5.24 15 7.52 7.11 10 7.71 5 5.78 Not Significant
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4 Comparison to 2011 Program Single-Family Homes

This section compares selected building characteristics in 2011 baseline homes atidrsihgle
homes completed through the 2011 Progrdra 2011 Program homes exclude those that failed
to meet Program requirements. Comparisons address:

Conditioned/Ambient Walls
Flat Ceilings

Cathedral Ceilings
Conditioned/Basement Floors
Foundation Walls

Duct Insulation

Duct Leakage

Air Infiltration

= =2 =4 -4 A4 A4 -4 - -2

HERSIndices

For conditioned/ambient walls, ceilings and floors baotbservedinsulation R-values and
calculatedU-values are addressed:-vidlues are the overall heat transfer coefficient for the entire
wall, floor or ceiling assembly, not just the insulatidhe lower the Wvalue is, the more energy
efficient the assembly. dMalues calculated using REM/Rate software account for thald® of
framing members, the-Ralue of other components such as air barriers and drywall,-tfzduie

of the insulation, andhe quality of the insulation installation. If insulation is compressed, or
there are gaps, the energy efficiency of the assembly is lower anevthledils higher.

The following differences between 2011 baseline and Program homes are statisticalbasignif
at the 90% confidence level:

1 The averagdat ceiling is more energy efficient (lowé&k-value in Program homes.

1 The average floor ovean unconditioned basement is more energy efficigmgher
insulationR-valueand lower Uvalue)in Program homes.

1 The average Ralue of attic supply duct insulation is higher in Program homes.

1 Average duct leakage and air infiltration are loiore energy efficientin Program
homes.

1 Program homes have a lower (better) average HERS index.

In Table4-1, the first column of data is the average over all inspected homes; the second column
is the average over all singilamily homes that were completed through the 2011 Praiyrtuns
excludes homes that failed to meet Program requirements;itthedtumn is the current UDRH

input; and the fourth column is the raw data for spec and custom baseline homes weighted to
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reflect the mix of singldamily spec and custom homes in the 2011 Program, which is typically
also the preliminary estimated UDRHpint.

Table 4-1: Comparison of 2011 Baseline and 2011 Program Homes

RI Baseline
. - Baseline R Current Weighted &
Baseline Compared to 2011 Program Homes 2011 Raw 2011 UDRH Sl
Data " rodram InpUt e ek npt
Average Conditioned/Ambient Wall Insulation-Ralug  18.3 18.1 20 17.7
Average Conditioned/Ambient Wall Insulation-Malug 0.071 0.068 0.065 0.073
Average Flat Ceiling Insulation®lug  34.5 35.0 31 34.6
Average Flat Ceiling Insulation-thlug 0.051* 0.031* 0.058 0.051
Average Cathedral Ceiling InsulationMalug  33.0 33.2 29.6 32.8
Average Cathedral Ceiling Insulationvdlug 0.043 0.036 0.057 0.044
Average Conditioned/Basement Floor Insulationvdlug  18.3* 25.9¢ 30 17.6
Average Conditioned/Bamment Floor Insulation Walug 0.111* 0.047 0.04 0.119
Foundation Wall Insulation Conditioned Basementsfalug  16.8 14.2 13 18.6
Foundation Wall Insulation Unconditioned BasementsRalug 0.8 0.8 3.1 1.1
Duct Insulation- Attic Supply Rvalug  7.3* 7.8 7.46 7.6
Duct Insulation- All other Unconditioned Spac 6.5 6.3 4.68 6.6
Average Duct Leakag&CFM25/100 ft] 18.9* 4.3 14 20.0
Air Infiltrationt Average ACHY 5.81* 3.93 6.72 5.96
Average HERS Ind  85* 66* n/a 87

*Significantly different athe 90% confidence level.

Conditioned/Ambient Walls

The unweighted average-\lue of insulation in conditioned/ambient walls in 2011 baseline
homes (R18.3) is slightly higher than in 2011 Program homes<l8R). This is not surprising
since all of the @11 baseline homes were permitted under 2009 IECC, when the prescriptive
requirement for conditioned/ambient wall insulation i2® and many of the 2011 Program
homes were permitted under 2006 IECC, when the prescriptive requirementi@asiBwever,

the weighted average-tRalue of R17.7 for 2011 baseline homes (weighted to reflect the mix of
singlefamily spec and custom housing in the 2011 Program) is lower than the 2011 Program
average of RL8.1. Looking at Whalues, the average unweighted-@®71) and weighted
(U-0.073)values for 2011 baseline homes are higher (less efficient) than the average for 2011
Program homes (10.065). All conditioned/ambient average-Wlues and Walues for 2011
baseline and 2011 Program homes are less energy effiaentuhrent UDRH inputs.
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Ceilings

The unweighted (R84.5) and weighted (R4.6) average Ralues for flat ceiling insulation in
2011 baseline homes are slightly lower than the averagald® in 2011 Program homes
(R-35.0). The average-Malue of flat ceilngs in baseline homes {051 both unweighted and
weighted) is much higher (less energy efficient) than in 2011 Program hor@858); the
difference in Uvalues between 2011 baseline and 2011 Program homes is statistically
significant. Average Rraluesand Uvalues for both 2011 baseline and 2011 Program homes are
more energy efficient than current UDRH inputs.

The average Ralue of cathedral ceiling insulation is similar in 2011 baseline home&3.®R
unweighted and B2.8 weighted) and 2011 Prograomnies (R33.2). The unweighted {0.043)

and weighted (k0.044) average Walues for cathedral ceilings in 2011 baseline homes are
higher (less energy efficient) than in 2011 Program home3.@B6). Average Ralues and U
values for both 2011 baseline aBd11 Program homes are more energy efficient than current
UDRH inputs.

Conditioned/Basement Floors

The unweighted (R8.3) and weighted (87.6) average Ralues for conditioned/basement
floor insulation in 2011 baseline homes are lower than the av&agdue in 2011 Program
homes (R25.9); the difference in Ralues between 2011 baseline and 2011 Program homes is
statistically significant. The unweighted{@111) and weighted (@0.119) average Walues for
conditioned/basement floors in 2011 basehnenes are higher than the averagedlue in 2011
Program homes (10.047); the difference in Walues between 2011 baseline and 2011 Program
homes is statistically significant. AveragevRlues and talues for both 2011 baseline and
2011 Program homes dess energy efficient than current UDRH inputs.

Foundation Walls

Average foundation wall insulation levels in 2011 baseline homes with conditioned basements
(R-16.8 unweighted and-R8.6 weighted) are higher than the averageaRe of 14.2 in 2011
Progran homes. Average Ralues for both 2011 baseline and 2011 Program homes are higher
than current UDRH input of R3.0.

The unweighted average-\Rlue of foundation wall insulation in homes with unconditioned
basements (R.8) is the same as the averageaRie for 2011 Program homes-(RB); the
weighted average -Ralue for 2011 baseline homes-{Rl) is higher than the averageOR for

2011 Program homes. AveragevRlues for both 2011 baseline and 2011 Program homes are
lower than the current UDRH inpuf R-3.1. Building code does not require these foundation
walls to be insulated.

Duct Insulation

The average Ralue of duct insulation on attic supply ducts is lower in 2011 baseline homes
(R-7.3 unweighted and -R.6 weighted) than in 2011 Program hon{Bs7.8); the difference

NMR



Rhode Island2011 Baseline Study of Singléamily Residential New Construction Page36

between 2011 baseline and Program homes is statistically significant. Average attic supply duct
insulation levels in both 2011 baseline and 2011 Program homes fall short of the 2009-ECC R
requirement for attic supply ducts.

Average duct insulation levels in 2011 baseline homes for ducts in other unconditioned spaces
(R-6.5 unweighted and 8.6 weighted) are higher than in 2011 Program home$.3R
Average Rvalues in both 2011 baseline and 2011 Program homes are higher treamrém

UDRH input of R4.68 and exceed the 2009 IECC requirement-6f iRsulation for norattic-

supply ducts in unconditioned space.

Duct Leakage

Average duct leakage in 2011 baseline homes (18.9 CFM25/20tniteighted and 20.0
weighted) is much hig#r than in 2011 Program homes (4.3 CFM25/16)Ceftd the difference is
statistically significant. Weighted and unweighted average duct leakage in 2011 baseline homes
are higher than the current UDRH input of 14 CFM25/16@rftl higher than the 2009 IECC
requirement of 8 or lower CFM25/106 litakage to the outside.

Air Infiltrationd ACH50

Average air infiltration is also lower in 2011 Program homes and the difference between 2011
baseline and 2011 Program homes is statistically significant. Averageakage rates in both

2011 baseline homes (unweighted average 5.81 ACH50 and weighted average 5.96 ACH50) and
2011 Program homes (3.98€H50) are lower than the current UDRH input of 6AQH50.

HERS Indices

Average HERS indices show a clear differencehmdverall energy efficiency of 2011 baseline

and 2011 Program homes. The average HERS index for 2011 Program homes of 66 is much
lower (more energy efficient) than the unweighted average 85 HERS index and weighted
average 87 HERS index for 2011 baselimenks. The difference between 2011 baseline and
2011 Program homes is statistically significant.
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5 Code Compliance

An exploratory analysis of 2009 IECC was conducted based on the 40 inspectedusbiges

four different compliance path3he four complianc@aths are the Prescriptive, Home Energy
Rating, Annual Energy Cost, and Overall Building UA compliance pathsaddition,
compliance was assessed using the 2009 IECC checklist developed by Pacific Northwest
National Laboratory (PNNL). The Home Energy Rati Annual Energy Cost, and Overall
Building UA compliance paths were all assessed using reports and calculations available through
the REM/Rate software. This approach allowed the evaluation team to leverage the REM/Rate
files that were compiled for oth@reces of this report and utilize those files for this analysis. It
should be noted that the purpose of this study is not to assess code compliance for each inspected
home, nor is it to evaluate code enforcement. Details on the compliance path utilezschlyf

the audited homes would be necessary to conduct such an evaluation, and this information was
not available for all homeghe compliance approach was determineddialy 30 of the 40
inspected homedn addition, the sample for this project wassideed to mimic the Program
housing mix, not the stateds housing mix. The
of actual code compliance but serve as a tool for assessing specific prescriptive measure
compliance and how homes would likelgrform under different performance based compliance
paths.

5.1 Compliance Paths

5.1.1 Checklist Compliance

The 2009 IECC checklist, developed by PNNL, includes 63 compliance items, and each item is
assigned either one, t wo, otive importamceé Thegredrenat s |, b ¢
total of 130 points available. Building level checklist compliance is calculated as the total points

for items marked compliant divided by total points for items marked either compliant or not
compliand this way homes are npenalized if an item is not applicable or not observable.

The checklist was developed as a means of measuring statewide compliance. For determining
statewide compliance, there are two possibilities:
1 Determine the percentage of compliant homes (those dnavihecklist score equal to
100%)
1 Take a simple average of the holeseel compliance scores

PNNL states a preference for the second method, as it provides a finer level of detail in the
progress of a state in reaching 90% compliance.

The checklist abbws compliance to be assessed depending on which compliance approach the
builder used: the prescriptive approach, the UA t@ffl@pproach, or the performance approach.

° The checklist was not modified for the purposes of this study. The original checklist can found here
http://www.energycodes.gov/arra/compliance_checklists.stm
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The checklist is populated differently depending on the compliance approach ther builde
selected. Under the prescriptive approach, applicable and observable items are simply marked as
compliant or norcompliant. Under the tradeff or performance approaches, certain measures
may be marked as compliant even if they do not meet the preseripdtimpliance levels
identified in the checklist, but they are consistent with how the builder designed the building to
complyyAs the 2009 | ECC checklist instructions n«
or software report was submitted showiag c o mp | i a ntThebchecklisd is nag a o
compliance path, but instead a means of assessing compliance. For example, if a home achieved
compliance via the tradeff approach then thieuildershould havesubmitteda REScheck report

to the building depament that indicat@compliance with the energy coda.this case, the home

may not meet the prescriptive requirenseigted in the checklist, but it would be considered
compliant for all shell measures because the REScheck documentation proves tiwahehe
complied via the tradeff approach.

To determine which compliance approach (i.e., prescriptive, UA-slider performance) each
audited home used, the evaluation team contacted individual building departments and asked
them about the specific si visited for this study. Ultimately, the compliance approach was
verified for 30 of the 40 inspected homékhe compliance approach was assumed to be
prescriptive for the 10 sites where the compliance approach was unk@bwime 30 homes

where the comjrince approach was verified, eight used REScheck (i.e., UA-&ffdand 22

used the prescriptive approach.

5.1.2 Prescriptive Compliance

The Prescriptive path refers to a compliance path under which various aspects of a home are
inspected individually to deteine compliance with prescriptive requirements. Under the
prescriptive pathtems are typically assessed in one of two ways:

1) The itemdoes not meetneets or exceeds a minimurefficiency value provided for it
(e.g., wall insulation Rralue)
2) The item eiher is, or is not, compliant on a yes/no basis (e.g., floor insulation installation

quality)

In this report, compliance under the prescriptive path is assessed by laokingit the
20091ECC prescriptive insulation requirementsCompliance is assessambking at thepercent

of homes that meet each prescriptivsulation requirement and the percent applicable
prescriptiveinsulation requirements met in each honl¥éiree prescriptive requiremedtslab
insulation, window Wvalues and skylight Uvalue® were not addressed in this analysis. This is
because auditors were able to verify the insulation and/or fenestration values for these measures
at only a few sites and, rather than make assumptions, these measures are excluded from the

91t was assumed that all inspected homes submitted the necessary paperwork to achieve compliance with the
energy code as all of the inspected homes were occupied and therefore shoald dworgpancy permit.

1 This analysis focused on prescriptive insulation requirements. Lighting is addressed in the checklist portion of this
section Table5-3).

NMR



Rhode Island2011 Baseline Study of Singléamily Residential New Construction Page39

prescriptive compliare analysisHeating, cooling, and water heating measures were excluded
from this analysis as the 2009 IECC only requires that mechanical equipment meet the minimum
federal efficiency standards; all of the mechanical equipment inspected as a part afdgis st
either meets or exceeds the minimum federal efficiency stanftardeechanical equipment

The standards for mechanical equipment are mandatory requirements that are required under any
compliance approach. These items, along with many other mandatpryements, were not
considered when assessing prescriptive compliance.

5.1.3 Home Energy Rating Compliance Path (Performance)

HERS ratings are performed using REM/ Rate sof
or -Hwisl t 0 home t o t heeurrdnt referenceehanice RIEM/Rateisrtased T

on the 2004 IECG?To calculate a HERS index, REM/Rate models the reference home to be
configured similar to the asuilt home (e.g., size, shape, orientation), but with the reference
home efficiency measurdmsed on the 2004 IECC prescriptive requirements. A home built to
2004 IECC prescriptive code requirements should score a HERS index of roughly 100; a home
that is more energy efficient will have a HERS index less than 100. Several states allow for
compliance under the Home Energy Rating Path, with varying HERS scores being considered
compliant.For example, in Massachusetts, while the 2006 IECC was still in effect, homes were
considered compliant with the energy code if they achieved a HERS rating of 1X¥.oFor

homes required to meet the 2009 IECC, Massachusetts requires a HERS index of 75 or lower for
1-4 unit residential buildings and 70 or lower for residential buildings with five or more'@nits.
Rhode Island does not currently offer a Home En&ating compliance path.

5.1.4 Annual Energy Cost Compliance Path (Performance)

The Annual Energy Cost compliance path is based on REM/Rate models and compares the as
built home to the 2009 IECC reference homich is built to the 2009 IECC prescriptive
requiements. The Annual Energy Cost compliance path only compares 4beiltaand
reference home for heating, cooling, and domestic water heating bosither words this
compliance path compares the simulated costs of heating, cooling, and water heahiagagor

built and reference homes. If the-asiit home has annual energy costs that are less than the
reference home then the home is considered compliairgcompliance path does not consider
other factors that are typically modeled in REM/Rate. Exampf measures not addressed are
lighting, appliances, and photovoltaics.

5.1.5 Overall Building UA Compliance Path (Trade-off)

The Overall Building UA tradeff path is an approach that compares the overalvalde of
the asbuilt home to the overall UAalue of an identicdly configuredhome built to meet the
2009 IECC prescriptive requirements. The overallt#ue of a home is calculated by summing

2 Brian Christensen, email message to author, January 24, 2012.
Bhttp://www.mass.gov/eopss/docs/dps/inf/7BB-51.pdf
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the UAvalues for the primary shell measures of the home (e.g., ceilings,-glame walls,

frame floors, etd. This analysis was conducted using REM/Rate. Although the basic
calculations are similar to the REScheck software developed by the Department of Energy and
the Building Energy Codes Program (BEERhere are several key differences between the
REM/RateOverall Building UA approach and REScheck. These differences include, but are not
limited to, different approaches used to calculate insulatioralUes and different framing
assumptionsUltimately, these differences make it much more difficult to achemmapliance

using REM/Rate as opposed to using REScheck.

5.2 Compliance Results

Table5-1 displays summary statistics of the checklist compliance results. The data are based on
results from analysis of up to 63 checklist iteeighted results indicate compliance with 58%
of the possible points on the 2009 IECC checklist.

Table 5-1: Checklist Compliance Results*

Checklist
Statistic Poin_ts Poin_ts Compliance
Possible Received
Minimum 28 5 18%
Maximum 65 49 92%
Unweighted Average 42 24 56%
Weighted Average 42 25 58%
Median 41 24 58%
Percent of Homes Compliar 0%6+*
Weighted % of Homes Compliar 0%6+*

*Statistics are for each category (points possible, points received, and
compliance).For example, the maximum compliance of 92% represents
the highest compliance score achieved by a home in the samplehe
score of the home that achieved the maximum possible points.

**Percent of homes with 100% checklist compliance.

14 http://ww.energycodes.gov/rescheck/download.stm
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Table5-2 displays the minimum, maximum, average, and nred@mnpliance results under the
Prescriptive Home Energy Rating, Energy Cost Compliance, and Overall Building UA
compliance paths for the 40 inspected hormée.left half of the table displaysesults under the
prescriptive compliance path. Weighed results are 38% compliance with the prescriptive
insulation requirements consider@dhe Annual Energy Cost and the Overall Building UA trade

off compliance path results areegented as a percentage above or below code. A positive
percentage represents homes meeting or exceeding code, while a negative percentage represents
homes below code. This does not represent the percent of homes that pass or fail, but the degree
to whichthe average of our sample falls short of or exceeds the code. Weighted results indicate
compliance i226% below code using the Annual Energy Cost compliance path, 8 délow

code using the Overall Building UA traadf approach. In other words, on avgea annual

energy costs arg6% higher than the 2009 IECC reference home and overall UA value8%re 4
higher than the 2009 IECC reference hdméleighted resultsire 4% complianceunder the

Annual Energy Cost compliance path a6 under the Overall Buildg UA tradeoff path.

Finally, if Rhode Island offered a Home Energy Rating compliance path, and the 40 inspected
homes selected this compliance approach, the compliance rate would be 25%; the weighted
compliance rate is 15%.

Table 5-2: Prescriptive Compliance and Compliance Based on REM/Rate
Compliance Paths usingEM/Rate

Prescriptive

Results
o Applicable .
Statistic and Criteria Per(_:en_t of HERS Energy Cst UA
Met/ Criteria : )
Observable Index* Compliance Compliance
o Exceeded Met
Criteria
Minimum 2 0 0% 62 -55% -173%
Maximum 6 5 100% 117 7% 10%
Unweighted 4 2 39% 85 -19% -42%
Average
Weighted Average 4 2 38% 87 -26% -48%
Median 5 2 33% 84.5 21% -28%
Percent of Ho'mes 25% 504 10%
Compliant
i )
Weighted /0 of 15% 1% 6%
Homes Compliant

*The lower the HERS index the more energy efficient.

13| ower overall UAvalues result in higher compliance under the UA trafi@pproach.
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5.2.1 Checklist Compliance Detailed Results

As previously mentioned, the actual compliance path of choice was determined for 30 of the 40
inspected homes. Eight complied under theet@itl approach and 22 under the prescriptive
approach. The remaining 10 sites were assumed to have complied under the prescriptive path.

Figure5-1 shows the distribution of PNNL checklist compliance scores. Only one home ckceive
more than 90% of the points possible, and no homes received all of the points possible. On
average, homes received 56% of possible checklist points.

Figure 5-1: Distribution of House Level Compliance
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Compliance (% of possible checklist points received)

Sixty-three requirements were considered for thecklist compliance analysisTable 5-3
summarizes compliance percentages for 14 item groups. Items that were not applicable or
observable were deemed unverifiable. Th® e r Yeefrallled columnin Table 5-3 reflects

how oftenthe items were verifiabfethe lower the percent verifiable, the lessecisethe
complianceestimate igor an item groupWhile few item groups surpass 90% compliance, most
are over 6%. Lighting has the lowest compliance percentage (excluding plumbing penetrations,
which could only be verified at two homes), because at nearly every home less than 50% of
permanently installed bulbsere high efficacy. Walls, the item group that makpghe largest
portion of the overall compliance score, are 69% compliant, but only 18% of the requirements
were verifiable.
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Table 5-3: Checklist Compliance by Item Group
Compliance

Number of Percent

CeIEIEmE [ EHe Checkist Items* | Verifiable Al spee | o) Al HEmES
Homes (n=26) (n=14) Weighted
Lighting 1 95% 8% 8% 7% 8%
Windows 8 5% 100% | 100% | 100% 100%
Ceilings 4 49% 76% 82% 64% 81%
Floors 2 81% 57% 63% 48% 61%
Walls 12 18% 69% 68% 72% 68%
Slab 3 5% 83% | 100% | 80% 98%
Crawl Space 3 n/a n/a n/a n/a n/a
Air Sealing 8 100%6+* 78% 83% 69% 81%
Ducts 5 37% 45% 43% 50% 44%
Fireplace 1 18% 57% 67% 50% 65%
Plumbing Penetrations 1 5% 0% n/a 0% 0%
Doors 2 50% 63% 65% 56% 64%
Fans and Vents 1 100% | 100% | 100% | 100% 100%
Other 12 24% 25% 23% 28% 23%

*Details on the items included in the compliance group can be fouaggandix BCode Compliance Details
** Air sealing was evaluated based on the blower door resultd| 140 inspected homes. Auditors were only able
to verify the air sealing checklist items requiring visual inspection 15% of the time.

5.2.2 Prescriptive Compliance Detailed Results

Nine requirements were considered for the prescriptive compliance anajiss-4 shows the
percentage of homes that comply with applicable 2009 IECC prescriptive requirements.
Weighted results are 17% compliance with th&(Rwood framed wall insulation requirement
Low woodframed wall insulation copliance drove down overall prescriptive insulation
compliance. A higher percentage of homes met or exceeded ceiling insulation requdements
weighted results are 53% compliance with the flat ceiling requirement38f &d 65% with the
cathedral requirementdf R-38 (or R30 if under 500sq. ft). Weighted results are 38%
compliance with the 2009 IECC requirement for floors over unconditioned baseme3®. (R
Overall, 5% percent of inspected homes complied with all applicable insulation requirements;
weighted compliance €% overall
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Table 5-4: Compliance with IECC Prescriptive Insulation Requirements

Measure or
Characteristic

Wood Framed Wall

IECC 2009

Prescriptive
Requirements

Number

of

Homes

All Homes
Raw Data

Spec

Paged4

All Homes

Custom  Weighted

Data

2009 Requirements

. R20 40 9(23%) | 4(15%) | 5 (36%) 17%
Insulation
Foundation Wall RI0/R13 7 5(71%) | 3 (60%) | 2 (100%)|  64%
(cont./cavity)
Duct Insulation R attic supply P 23 8(35%) | 6(37%) | 2 (%) 37%
all other ducts
Flat Ceihg Insulation R38 35 18 (51%) | 13 (54%)| 5 (45%) 53%
. R-38 (R30 for
Cathedral Ceiling buildings less than 19 | 11(58%)| 6(67%) | 5(50%)| 65%
Insulation
500 sqft.)
All Ceiling Insulation 40 20 (50%) | 13 (50%)| 7 (50%) |  50%
Requirements
Floors Over
Uncondifoned Space | o 55 o cavity filled 27 9(33%) | 6(30%) | 3(43%)| 31%
Insulation Rvalue y
(basement)
Floors Over
Unconditioned Space | o 55 o cavity filled 13 7(54%) | 5(63%) | 2 (40%) | 60%
Insulation Rvalue y 0 0 0 0
(garage)
Floors Over
Unconditioned Space R30or cavity filled 10 8 (80%) | 4 (67%) | 4 (100%) 70%
(outside)
Floors over
unconditioned space R-30 or cavity filled 6 0 (0%) 0 (0%) 0 (0%) 0%
(crawlspace)
All Floors Over
Unconditioned Space
- R30 40 15 (38%) | 10 (38%)| 5 (36%) 38%
Prescriptive
Requirement
Met All Apgicable IECC 40 2 (5%) 1 (4%) 1 (7%) 4%

*Excludes one home where the duct insulation was unknown.

NMR




Rhode Island2011 Baseline Study of Singléamily Residential New Construction Page45

As previously mentioned, the compliance path was confirmed for 30 out of 40 homes in the
sample. The evaluation team confirmed thatdard chose thprescriptivecompliance path at

22 out of the 30 homesvhile the tradeoff approach was chosdor the other eight home3he
compliance path was assumed to be prescriptive for the remaining 10 A@bkes-5 shows
prescriptive complianc®r the 22 homes where builders selected the compliance path and the 10
homes where the prescriptive approach was assumed.

Table 5-5: Prescriptive Compliance for Homes Utilizing the Prescriptive Path*®

IECC 2009 Number All Homes
Measure or Characteristic  Prescriptive Spec  Custom Weighted
; of Homes
Requirements Data
Wood Framed Wall R20 32 8(25%) | 3(16%)| 5(38%)|  18%
Insulation
. R10/R13 o o 2 o
Foundation Wall (cont.Jcavi) 6 3 (50%) 1 (25%) (100%) 33%
R8 attic supply
Duct Insulation R6 all other 17* 4 (24%) 3@27%) [ 1 (@17%) 26%
ducts
Flat Ceiling Insulation R38 28 16 (57%) (6172%) 4 (40%) 64%
o R38 (R30 for
Cathedral Ceiling buildings less 17 11 (65%) | 6 (86%)| 5 (50%)|  82%
Insulation
than 500 sqft.)
All Ceiling Insulation 0 12 0 0
Requirements 32 18 (56%) (63%) 6 (46%) 61%
Floors Over
Unconditioned Space R-30 or cavity 0 0 0 0
Insulation Rvalue filled 20 6(30%) | 4(29%)| 2(33%))  29%
(basement)
Floors Over
Unconditioned Spac R-30 or cavity 0 0 0 0
Insulation Rvalue filled 13 7 (54%) 5 (63%) | 2 (40%) 60%
(garage)
Floors Over R-30 or cavit
Unconditioned Space filled y 10 6 (60%) 4 (67%)| 2 (50%) 65%
(outside)
Floors Over R-30 or cavit
Unconditioned Space filled y 5 0 (0%) 0 (0%) | 0 (0%) 0%
(crawlspace)
All Floors Over
Unconditioned Space R30 32 11 (34%) 8 (42%)| 3 (23%) 40%
Prescriptive Requirement
Met All Applicable IECC 0 0 0 0
2009 Requirements 32 1(3%) 1(5%) | 0(0%) 5%

*Excludes one home where the duct insulation was unknown.

18 This includes 10 homes where the compliance approach was not verified and was assumed to be prescriptive.
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5.2.3 Annual Energy Cost Compliance Path (Performance) Detailed Results

As shown inTable 5-6, weighted results are 4% compliangader the Annual Energy Cost
Compliance approach with overall annual energy costs lower than @8 IECC reference

home. Note, the annual energy cost compliance path does not consider the effects of high
efficiency mechanical equipment. In fact, the heating, cooling, and water heating equipment are
the samebunl t deafidsifr edrtis empiance pati@aed-b displaysn d

the energy cost compliance broken up by end use, but it is important to note that these categories
are meant to encapsulate the effect of key shell measures on comptiainttee effect of high
efficiency mechanical equipment.

Table 5-6: Energy Cost Compliance Path Results, % Complying Homes
Spec

Custom

All Homes ;
End Use (n = 40) (n=26) (n=14) Weighted
Heating 40 2 (5%) 1 (4%) 1 (7%) 4%
Cooling 40 19 (48%) | 13 (50%) 6 (43%)| 49%
Domestic Hot Water, 40 33 (83%) | 22 (85%) | 11 (79%) 84%
Overall 40 2 (5%) 1 (4%) 1 (7%) 4%

Overall compliance is driven down by the low compliance for the heating end use. For the
cooling and water heating end uses, the weighed resu#s49% and 84%compliance
respectively, wherannual energy costare lower than the 2009 IECC reference home. On
average however,these two Bd uses combine to account for only 26% of the total annual
erergy costs considered for the energy cost compliance approach. Heating accounts for the
remaining 74% of total annual energy costs considered, and58flgf homes have annual
heating costs lower than the 2009 IECC reference home. The average inspectethdsom
estimated annual energy costs that are 18% higher than the 2009 IECC referendeidgumame.

5-2 showsweightedaverage annual energy costs by-esd for the 2009 IECC reference home

and inspectedesign)homes.

Figure 5-2: End Use Energy Cost Comparison
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5.2.4 Overall Building UA Compliance Path (Trade-Off) Detailed Results

Table5-7 shows the percent of homes where thiewtated UA value complies with the IECC

2009 requirement by component. Note, these resultisnot necessarily indicative e@fhat
compliance might be via the UA trad# approach assessed using REScheck software as
opposed to REM/RateFour measured skylights, windows doors, and slab floodsare
excluded from the table as values for these measures were rarely verified onsite and default
values were typically used in the REM/Rate models; while these values are excluded from the
table they are still part dhe overall UA value andherefore feed into the overall UAradeoff
compliance. Weightedesults are6% compliancewith 2009 IECC via the UA tradeff path.
WeightedUA compliance is very low fordy shell measures such as above grade walls (6%),
framefloors over unconditioned basements (0%), and frame floors over garages (0%). This is not
to say that these components never meet prescriptive requirements. UA compliance, when
calculated in REM/Rate, accounts for compression and gaps in insulatiotivelyelowering

any given assembly-Ralue (or raising the Walue). These adjustmerntanlead to component
specific norcompliance under the UA traadf path even though a measure might meet the
prescriptive requirement, and might comply under the RE8cbased UA tradeff approach.

For example, weighted result®r frame floors over unconditioned basememie 31%
compliance with the prescriptive requiremdiiiable 5-4), but 0% under the UA traesf
approachAll of the floors that complied with the prescriptive requiremieat! R30 insulation

(the prescriptive requirement), but they were often assigned a grade Il or grade Il installation
and thereforethe UA value for the assembly falls below that of the 2009 IECC referbome.
Foundation walls 30%) show some of the highest compliance rates among the measures for
which auditors were able to record reliable data.

Table 5-7: UA Compliance by Component
All Homes Spec Custom

Component (n = 40) (n = 26) (n = 14) Weighted
Ceiling| 4 (10%) 2 (8%) 2 (14%) 8%
Above Grade Wall 4 (10%) 1 (4%) 3 (21%) 6%
Floors Over Garag¢ 0 (0%) 0 (0%) 0 (0%) 0%
Floors Over Ambient 2 (20%) 0 (0%) 2 (50%) 5%
Floors Over Unconditioned Basemer, 0 (0%) 0 (0%) 0 (0%) 0%
Floors Over Unconditioned Crawlspag 0 (0%) 0 (0%) 0 (0%) 0%
Foundation Walls| 4 (31%) 3 (30%) 1(33%)| 30%
Overall | 4 (10%) 1 (4%) 3 (21%) 6%
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Figure5-3 compares average UA values from thenple to the 2009 IECC reference home UAs
by component and overdii.lt should be noted that under the UA compliance path, aRiirre
5-3, a home is considered to be in compliance if its UA value is less thaoftthe reference
home.

Figure 5-3: UA Comparison
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5.2.5 Variability in Compliance Based on Approach

This section refers to unweighted data in order to reflect the actual compliance percentages under
the vario compliance paths.

Compliance of the inspected homes Wweastwhen determined using thennual Energy Cost
approach. On average, the inspected homes are estimatedl®8%bkelow code using this
approach and onl§% of the inspected homeguld becompliant with20091ECC.

When assessed using tbother performance compliance methods (i.e., @erall UA and the

Home Energy Ratingompliance patt), compliance rates were determined to be only slightly
better than those determined using the Annual Enetggt method Using theOverall UA
compliance pathl0% of the homesvould have compliewvith the code, and the averaQeerall

UA value wasfound to be42% more than allowed by theode. The Home Energy Rating path
gave higher compliance rate23% of the lomeswould comply using this method. There are a
number of reasons fohe higher compliance rate using the Home Energy Rating paik path

allows homes to be assessed as a system. This allows for whole building tradeoffs with respect to

7 As is the case witffable5-7, this figure excludeskylights, windows, doors, and slab floors although these values
still feed into the overall UA value.

NMR



Rhode Island2011 Baseline Study of Singléamily Residential New Construction Page49

efficiency andenergy usage. Also, key inputs such as low air and duct leakage are considered in
a performance approach and including such factors typically results in higher compliance rates.

Again, it is important to remember that it is not the purpose of this studyptst how many of

the inspected homes complied with cofliee compliance approach was determined for only 30
out of the 40 inspected homes. That saidheut knowing what compliance pathe remaining

10 homes werpermitted undett is impossible to arurately assesan overall compliance raté

is also worth noting that the 40 homes were sampled to reflect the mix of homes in the Rhode
Island Program, not the mix of homes in the state of Rhode Island. Therefore, even if the
compliance path was knowar all 40 homes (or compliance was assessed using the subset of 30
homes for which the compliance path is known), the compliance rate would not be indicative of
the state due to samplinginally, the REM/Rate software compliance assessments are not
necesarily consistent with the tools code officials and builders use to assess compliance. For
example, we know there are significant differences between the REM/Rate Overall UA approach
and the commonly accepted and used REScheck software and know thatoenphder the
REM/Rate UA approach will often be lower than when using RESclielstated earlier, the
purpose of this report is not to assess either individual home or state level code compliance or
code enforcement; however, study findings suggestethisr room for improvement
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6 Homeowner On-Site Survey

The homeowners of the 40 sites were asked to complete a brief survey during the onsite audits.
The survey addressed:

= = = =4 =4 -4

= =4 =4

How home was purchased
Comfort of home
Complaints about home
If energy efficiency wasidcussed between the homeowner and the real estate agent or
builder
Importance of buying an energyficient home
Who specified various building components, HVAC equipment, and appliances
(homeowner or builder)
Homeowner perception of the energy efficieméynome and various components
Awareness of the ENERGY STAR label on homes
Homeowner demographics including:
1 First time home buyer or previously owned home
How long expect to stay in home
Education
Age

1
1
1
T Income

Combining information collected during thenspections with information provided by
homeowners provides insight into how aware homeowners are of the building materials and
mechanical equipment in their homes, and whether or not homeowners who think they have
energyefficient homes really do. The ndts presented in this section are unweighted.
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6.1 How Homes Were Purchased

Table6-1 displays the various ways the homes were purchased and divides them into two major
categories: custom homes and spec homes. Custom homes intludsea in which the
homeowner had a building lot and initiated the hdragding process. Spec homes include all
homes where the builder owned the land and either offered potential buyers a choice of several
home plans or started construction withoutuyds involved. Almost twahirds (65%) of the

homes are spec homes, and just overthind (35%) are custom homes. The most commonly
cited method of purchasing a new home is to purchase a lot from a builder and select one of
several house plans offered twe builder (25%), followed by purchasing a home that was under
construction (18%). The owner was the builder or general contractor for five (13%) of the 40
homes.

Table 6-1: How Home Was Purchased

Number of Percent of
How HomeWas Purchased
Homes Homes
Spec Homes

Purchased a lot from a builder, selected one of several house plans offe

; 10 25%
by builder
Purchased a home that was under constructig 7 18%
Modular Home 5 13%
Purchased a finished hom 3 8%
Built home and rented out 1 3%
Subtotal Spec Homeg 26 65%
Custom Homes

Purchased land and worked with an architect and/or builder to design al
. 5 13%

build the home
| am the owner and general contractor/builde 5 13%
Had a house plan and a lot arfdred a contractor/builder to build the 5 50/
home °
Ownerdemolished existing home and built a new on| 2 5%
Subtotal Custom Homes 14 35%
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Figure 6-1 displays the average HERS rating for homeowners by theugavi@ys the homes

were purchased. The average HERS rating across all 40 home&i®8%verage, homeowners

who purchased land and worked with an architect and/or builder to design and build the home
have the most energpfficient homes (average HERSinaf of 73), while homeowners who had

a house plan and a lot and hired a contractor/builder to build the home have the least energy
efficient homes (average HERS rating of 94). The average HERS rating for the most commonly
cited method of purchasing a newnhe (to purchase a lot from a builder and select one of
several house plans offered by the builder) is 90, which is less energy efficient than the average

HERS rating of 85 across all 40 homes.

Figure 6-1: Average HERS Rating by How Home Purchased
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home in the rest of this report, this home is very ene
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18 A home built to the specifications of the HERS Reference Home (based on the 2004 International Energy
Conservation Code) scores a HERS Index of iile a net zero energy home scores a HERS Index B&éh
onepoint decrease in the HERS Index corresponds to a 1% reduction in energy consumption compared to the HERS

Reference Home.
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6.2 Homeowner Demographics

The homewners are a diverse group with representation across an array of education, age, and
income levelsFigure6-2 shows the percentage of homeowners falling into each educatigon, age
and income level categor@n the whole, the horgners tend to be wellducated with annual
incomes above the state averdyEhe majority of homeowners (75%) are college graduates.
Almost onefifth (18%) of the homeowners did not provide income information. However, over
onehalf (52%) of the homeownemwho did provide income information have an annual income

of $100,000 or more.

Figure 6-2: Homeowner Education, Age, and Income

High School Graduate
Technical or Trade School Graduate 3% .
mmmery  Fducation

Some College

College Graduate 40%
Some Graduate School 5%

Graduate Degree

25to 34
35to 44
45to 54
55to 64

65 or over

Less than $35,000
$35,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999

$100,000 to $149,999
$150,000 or more
Prefer Not to Answer or Blank L

Percent of Homeowners (n=40)

¥ The median household income in Rhode Islanfbr the years 2006 thrgh 2010 was $53,243
http://quickfacts.census.gov/gfd/states/44000.html
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has at | east a bachel odfdlleashll@odOe e and an
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Figure6-3 displays the number of homeowners witleiach educational attainment level that fall
into each income category. Over one out of three homeowB8¥%)h as a't l east a

degree and an annual incoofeat leas$100,000.

Figure 6-3: Homeowner Education by Income

Number of Homeowners (n=40)

d bt ke Lo d

Less than $35,000to0  $50,000to $75,000to $100,000te $150,0000r Prefer not to

$35,000 $49,999 $74,999 $99,999 $149,999 more answer
i High school graduate M College graduate
M Graduate degree M Some college
M Some graduate school M Technical or trade school graduate
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Figure 6-4 displays the number of homeowners within each age category that fall into each
income categoryOver one out of three homeownd5%) is aged 25 to 54 with an annual
income of $100,00@r more Four out of the five homeowners with annual incomes less than
$50,000 are aged 65 or over. Alle of the youngest homeowners (aged 25 to 34) who provided
income information have annual incomes of $100&0®ore

Figure 6-4: Homeowner Age by Income

iij

Less than $35,000t0 $50,000to $75,000toc $100,000tc $150,0000r Prefer not to
$35,000 $49,999 $74,999 $99,999 $149,999 more answer

Number of Homeowners (n=40)

W25t0o34 mM35tod44 W45to54 MS55to64 W 65o0rover
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Figure 6-5 displays the average HERS rating for homeowners of each educational attainment
level. Variation in the average HERS rating by educational attainment level is generally sma
and there is no clear relationship betweserage HERS rating and educatibtomeowners
whose highest educational attainment level is high scfe@rage HERS 82) aa graduate
degree (average HERS 8Bave the most efficient homes, while those wsthime graduate
school own the least efficient hom@wverageHERS 93).The average HERS rating for the most
populous educational attainment group (college graduates) is 86, which is one index point higher
(less energy efficient) than the average HERS raifr§p across all 40 homeghe educational
attainment levels of thieve owner/buildersare as follows:one with ®me collegethree college
graduates, and one with eaguate degree.

Figure 6-5: Homeowner Education by Average HERS Rating

Less Education <> More
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o 80
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E $ 90
2 ¢ 093
L g o5
=
£
4100
g
105
i S
High School Technical or Some College G r.;me Graduate
Graduate Trade School Colle raduate
ge Graduate School Degree
(n=4) LI (n=5) (n=16) oo (n=12)
(n=1) (n=2)
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Figure 6-6 displays the average HERS rating for homeowners of each income Aeegage
HERS ratings vary from 102 (least efficient) for homeowners with annual incomeshdgss t
$50,000,to 76 (most efficient) fohhomeowners with annual incomes greater than $150,000
Figure 6-6 points to a positive relationship between income and energy efficieluzyever, in
interpreting this figure, it is importatd keep the small sample sizes in mind.

Figure 6-6: Homeowner Income by Average HERS Rating

Less Income D —— More

" P
: ¢
: o @

. &
¢
100 @
105

Less than $35,000 $50,000 $75,000 $100,000 $150,000 PreferNot

HERS Index

Less Efficient €—> More

$35,000 to to to to or to Answer
(n=1) $49,999 $74,999 $99,999 $149,999 More or Blank
(n=4) {n=5) {n=6) (n=8) (n=9) (n=7)
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Figure 6-7 displays the average HERS rating for homeowners of each age group. Hmneow
aged 5564 have, on average, the most enezfficient homes (HERS 77), while those 65 and
over have the least efficient homes (HERS 93). The average HERS rating for the most populous
age group (35 to 44) is 81, which is four index points lower (neoexgy efficient) than the
average HERS rating of 85 across all 40 homaswith homeowner education, there does not
appear to be a clear relationship between average HERS rating and homeowner age.

Figure 6-7: Homeowner Age by Average HERS Rating

Younger €—> Older
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1]
5 80
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% $
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£ 100
-
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25to 34 35to 44 45to 54 55to 64 65 or Over
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Only two of the 40 homeowners (5%) said that this was their first time buying a home. As shown
in Table6-2, the majority of homeowners (75%) plan to stay in their new home for at émast t
years, and half of the homeownetanto stay in their new home indefinitely.

Table 6-2: First Time Buyer and Expected Duration in New Home

FirstTime Home Buyer?
(n=40)

Already owned home 90%

Firsttime home buyer 5%

52y Qi 1y26 2N L 5%
Four to five years 3%

Six to ten years 18%

More than ten years 25%
Indefinitely/the rest of my life 50%
52y Qi 5%
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Figure6-8 displays how long homeowners plan to stay in their new home by their age categories.
As shownsomehomeowners within each age category report planning to stay in their new home
indefinitely, although homeowners aged 65 and over are rnke$y to expect to stay in their

new home indefinitely. Likewise, homeowners in the 25 to 34 age category are most likely to
report planning to stay in their new home for fewer than ten years.

Figure 6-8: Homeowner Age by Expected Duration in New Home

willi J.]

Number of Homeowners (n=40)

25to 34 35to 44 45to0 54 55to 64 65 or over
i Four to five years M More than ten years
Ll Six to ten years o Indefinitely/the rest of my life

i Don’t know

6.3 Comfort and Complaints

Homeowners were asked to describe the comfort of their home by indicatii f it was
comforiiabmewbat . comfomewbbhe uncromfiwet wbbecomf
Most haneowners (90%) said their home is very comfortable; 10% said their home is somewhat
comfortable.

Next, homeowners were given the opportunity to provide comments about the comfort of their
new home and to describe any complaints they have about the higimeh&mneowners (or one

fifth of the homeowners) described a total of 11 complaints about their homes. Homeowners who
said their home is very comfortable were actually more likely to mention a complaint than those
who described their home as somewhat cotabde i eight of the eleven complaints were
submitted by homeowners describing their home as very comfortalee 6-9 displays the

types of complaints submitted by homeowners and the number of complainta edtin
category. The majority of homeowner complaints pertain to the quality of specific components in
the home and/or general construction quality. For example, one homeowner complained about a
leak in the home, one homeowner complained about the windaovds another homeowner
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mentioned four separate complaints regarding various component and construction quality
issues. The second most commonly mentioned type of complaint pertains to heating and cooling
issues, including one compliant that the radiantihgasystem does not respond to changes to

the temperature setting, and a complaint that the home is uncomfortable without central air
conditioning, which the homeowner chose not to install due to the expense of installing it. Each
of the homeowners who mitted heating/cooling complaints have homes with HERSs ratings
that are more energy efficient than the average HERs rating of 85 across all 40 homes: the
homeowner who complained about the radiant heating system has a HERs rating of 68, and the
homeownemwho complained about the lack of central air conditioning has a HERs rating of 83.
One homeowner each complained that the home
and that the landscaping is dissatisfactory.

Figure 6-9: Homeowner Complaints about New Home

Homeowner Complaints
(n=8, Multiple Response)

Water Landscaping, 1
Heating, 1 :

Space Issue, 1

Heating/ Component/
Cooling, 2 Construction

Quality Issue, 6
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6.4 Discussed Energy Efficiency with Builder or Sales Agent

Threequarters (75%) of homeowners said their builder or sales agent talked to them about
energy efficiency or the benefits of enemgfjicient windows, heating and cooling equipment,
insulation, et¢® Owners of custom homes were slightly more likely than owners of spec homes
to say that their builder or sales agent talked about energy effiGiefad of custom
homeowners compared to 73%spec homeowners. Over ehalf (25 or 63%) of homeowners

said they asked their builder or the sales agent about energy efficiaiilg.6-3 shows that
almost onethird (30%) of homeowners who said that their builder or sagjesatadid not talk to

them about energy efficiency, or they do not remember, said they asked about energy efficiency.
In addition, most (73%) homeowners who said their builder or sales agent talked to them about
energy efficiency also said they asked atemérgy efficiency.

Table 6-3: Homeowners Who Discussed Energy Efficiency

Number of Percent of
Homeowners Homeowners
Who Asked Who Asked
About Energy About Energy
Efficiency Efficiency

Number (%) of

Homeowners

Builder or Sales Agent Talked About Ener
Efficiency (Includ%s homeowner/builders 30 (75%) 22 3%
Builder or Sales Agent Did NOT Talk Abd
Energy Efficiency or Homeowner Does N 10 (25%) 3 30%
Remember
Total Homeowners: 40 25 63%

' Homeowners who are also the builder/general contractor did not respond consistently to questions about whether
or not their builder or sales agent talked to them about energy eéfjicand whether or not they asked their builder

or sales agent about energy efficiency. Some of these homeowners simply identified themselves as the
builder/general contractor, some said they do not remember or left the question blank, and some baitti¢neir

talked to them about energy efficiency and/or that they asked their builder or sales agent about energy efficiency. It
seems reasonable to assume that those who identified themselves as the builder/general contractor considered energy
efficiency in their role as buildér several of the homeowners who were also the builder/general contractor
commented that this was the case. Therefore homeowners who identified themselves as the builder/general
contractor are counted as homeowners who say they talkéeit builders or sales agents about energy efficiency

or asked about energy efficiency.
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Figure 6-10 shows that homeowners who did not ask their builder or sales agent about energy
efficiency actually ended up with more energy efficient homes than those who did. The average
HERS rating for homeowners that askeeittbuilder or sales agent about energy efficiency
(including all five owner/builders) is 86. In comparison, the average HERS rating for
homeowners that did not ask about energy efficiency is 83, whittiraeindex points lower

(more energy efficient) #n the average HERS rating for homeowners who asked about energy
efficiency.Bearing in mind thathtese resultare based on a small sample size, theicate that

asking the builder or sales agent about energy efficiency does not necessarily increase the
likelihood getting an energgfficient home.

Figure 6-10: Asked About Energy Efficiency by Average HERS Rating

HERS 86 HERS 83

3, HERS 88

22, HERS 86 7, HERS 83

Number of Homeowners (n=40)

8, HERS 83

Asked About Energy Efficiency Did Not Ask/Don't Remember

& Builder or Sales Agent Did NOT Talk About Energy Efficiency or Homeowner
Does Not Remember

M Builder or Sales Agent Talked About Energy Efficiency
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